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Abstract 
Bold Park is a 437 hectare A class reserve with high conservation value. Bold park is 
located on the Swan Coastal Plain, approximately II km west of the Perth CBD. Bold 
park is one of the few remaining coastal bushland reserves on the Swan Coastal Plain. 
High levels of floristic and faunal diversity contribute to Bold Park's conservation 
value. However, the conservation value of Bold Park is threatened by altered 
disturbance regimes and weed invasion. 
Weed invasion in Bold Park is reducing floristic diversity and is modifying 
ecosystem processes. Principle in the modified ecosystem processes is fire. While fire 
is a natural disturbance event in the bushland of the south-west of Western Australia, 
altered fire regimes can lead to weed invasion. Fire events are important for the 
maintenance of the floristic diversity of bushland areas. Fire events also provide an 
opportunity for weed management activities to be implemented. 
A fire in December 2000 burnt over one third of the bushland area in Bold Park. This 
provided managers from the Botanic Gardens and Parks Authority with the 
opportunity to implement weed cont!ol activities. Three approaches to weed 
management were undertaken within the 2000 bum site. They are: 
I. No management; 
2. Control of the invasive weed Pelargonium capitatum with the broadleaf 
herbicides Aim 111 and Roundup,.,; and 
3. Control of the invasive grass Ehrharta calycina with the grass~specific 
herbicide Fusilade1"', along with the two broadleaf herbicides. 
To detennine whether the weed spraying was successful, vegetation surveys were 
undertaken in the treatment areas of the 2000 burn site to investigate floristic 
differences. Significant reductions in weed species cover were detected in sites 
receiving both types of herbicides. Native species richness was highest in sites in 
receiving some fonn of weed control. However, this was accompanied by an increase 
in the richness of weed species. There was a significant difference in the cover of P. 
capitatum and E. calycina in relation to weed control measures. Witere Fusilade was 
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used; the cover of E. calycina was significantly lower than areas not sprayed with the 
herbicide. Where Aim and Roundup were used; there was a significant reduction in 
the cover of P. cap/tatum. Weed control measures were also linked to increases in the 
diversity, abundance and survival of native species recruits. 
A second study provided supplementary information on weed management by 
investigating the germination ecology of three weed species, E. calycina, P. 
capitatum and Euphorbia terracina. The seeds of these species all fit broad 
generalisations about weed seeds. They all have high levels of viability, easily 
overcome dormancy mechanisms and high levels of germination. The paiea and 
lemma act as dormancy mechanisms on seeds of E. ca/ycina. The seed coat acts a 
dormancy mechanism on seeds of P. cap/tatum, but this is overcome by heat shock. 
After-ripening appears to be the dormancy mechanism of seeds of E. terracina. The 
effects of the physiological dormancy of E. terracina seeds are partially overcome by 
soaking seeds in gibberellic acid. 
The results obtained in this research indicate that post-fire we~d control had 
immediate and significant effects in the Bold Park bushland. The long-term benefits 
of effective weed control would be a continued reduction in weed cover in the 2000 
burn site. This reduction would enhance native species recruitment, leading to 
improvements in the floristic and vegetative community structure in the 2000 burn 
site. The potential for future fire events would be reduced due to the lower E. 
calycina cover, a sound reason for expanding management of this species. Finally, the 
germination ecology of the weeds studied enhances the understanding of the invasive 
capacity of these species. 
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1.1 INTRODUCTION 
CHAPTER ONE 
INTRODUCTION 
Two of the most important management issues confronting bushland managers 
today are altered disturbance regimes and invasion by weeds (Hobbs & 
Humphries, 1995; Brown & Brooks, 2003). Frequently, these two issues are 
intertwined. Weed invasions are often promoted by disturbam:e, whilst weeds can 
alter the type and pattern of disturbances (Amor & Piggin, 1977; Groves, 1990; 
D'Antonio & Vitousek, 1992; Csurhes & Edwards, 1998). As such, the 
management of one of these cannot be considered as independent to the other. The 
relevance of this situation to bushland management is the main topic of this thesis 
and is considered here in relation to urban fragments, particularly that of Bold 
Park. 
1.2 Disturbance defined 
An ecological disturbance is any event or action that alters the structure, function, 
or sometimes both, of a defined community or ecosystem (Pickett & White, 1985; 
Hobbs, 1991). In the broadest sense, there are four types of ecological 
disturbance. These are: destruction, where the biomass is reduced, 
discomposition: where specific sections of a population are eliminated, 
interference: where cyclical processes are modified and suppression: where 
natural disturbances are suppressed (Rykiel, 1985). In this sense, a disturbance is 
essentially a change in something in a defined area. A disturbance needs to be 
understood as a discrete event, which usually displays characteristics that relate to 
its duration and intensity. 
Disturbances vary in magnitude and scale from large-scale events such as fires, 
storms and floods to smaller scale events such as soil disturbance by animals 
(Pickett & White, 1985; Hobbs, 1991). Disturbances also vary in their temporal 
and spatial distribution (Runkle, 1985). The arrangement of disturbances in 
relation to their scale, magnitude and distribution is a disturbance regime (Pickett 
& White, 1985). The effects and interactions of disturbances need to be 
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understood in the context of these temporal and spatial factors (Pickett et al., 
1989). Disturbances also are best understood in relation to the entity upon which 
they impact (Pickett et al., 1989). In other words, events classed as disturbances 
must have something to impact on to be a disturbance. 
The concept of disturbance is typically negative and implies that damage or 
destruction has occurred (Rykiel, 1985). However, disturbances can stabilise 
ecosystems and communities by controlling changes in resources over ecological 
and evolutionary time scales (Rykiel, 1985). Disturbance regimes and disturbance 
events have the capacity to drive evolutionary and successional change, which can 
lead to the modifir.ation of communities over time (Pickett & White, 1985; Hobbs, 
1991 ). In many communities, disturbance events are required for the continued 
existence of certain species or ecological processes (Hobbs & Huenneke, 1992). 
Disturbances are broadly classified as natural and unnatural or modified 
disturbances. A natural disturbance event or regime is simply one that occurs 
without human influence. An unnatural or modified disturbance event, also called 
anthropogenic disturbance, is one that occurs as a direct consequence of human 
actions or interference (Hobbs, 1991; Byers, 2002). However, there is sometimes 
little distinction between these in today's world because of the breadth of human 
activities. 
Anthropogenic processes such as urban development, agriculture and forestry 
have largely driven recent changes to disturbance regimes (Hobbs, 2000). 
Antilropogenic disturbances are significant in a conservation context because 
these events can act to disrupt evolutionary processes and community structure 
(Pickett & White, 1985; Ross eta/., 2002). This happens because anthropogenic 
disturbances can alter competitive interactions among species, so that exotic 
species outcompete natives (Byers, 2002), by changing resource availability or by 
promoting invasions by non-native species (Hobbs & Huenneke, 1992). The 
alteration of ecosystem properties through disturbances may result in a situation 
where the adaptations of the native species are no longer suitable (Byers, 2002). 
These changes can then create opportunities for exotic species to enter natural 
systems (Hobbs, 2000). These exotic species can then become a form of 
disturbance, which may lead to further changes in species composition and 
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diversity and ecosystem processes (Groves, 1990; D'Antonio & Vitousek, 1992; 
Csurhes & Edwards, I 998). The effects of anthropogenic disturbance are most 
severe when the scale of them falls outside of natural disturbance regimes (Byers, 
2002). The spatial arrangement of altered disturbance:; can influence the effects on 
affected ecosystems (Annesto & Pickett, 1985). 
An example of a disturban~e that is both natural and anthropogenically altered is 
the fire cycle. The implications of an altered fire cycle affect native species and 
weed species, as well as contributing to changes in ecosystem properties. 
1.3 Fire- natural and unnaturai disturbance 
Fire as a natural disturbance event is a common occurrence across the globe. It is 
significant in tOe fynbos of South Africa, the chaparrals of California, the 
Mediterranean and Australia (Naveh, 1973; 1975; Keeley, 1987). In regions with 
frequent, recurring fires, native species that can cope with fire events dominate 
(Naveh, 1973; Hopper, 2003; Dixon & Barrett, 2003). The regenerative capa!;ity 
of native ~pecies is adapted in response to the timing and intensity of natural fire 
regimes (Baird, 1977). Where ecosystems have evolved with fire, or have 
extensive fire histories, the complete removal of fire as a disturbance could lead to 
species' mortality (Naveh, 1973; Hobbs & Huenr>oke, 1992). 
The impacts of fire can be measured in terms of intensity, which refers to heat, 
and severity, which is a measure of the biotic impacts (Pickett & White, 1985). 
Fire is a disturbance that can affect species mortality and the structure of 
communities (Baird, 1977; Hobbs & Atkins, 1991; Milberg & Lamont, 1992). 
Where fire has been a landscape feature over time, local species will have a level 
of synchronicity of their lifecycle stages to the timing of fire events (Cowling et 
a/., 1993; Hopper, 2003; Dixon & Barrett, 2003). Alterations to these fire cycles 
can hence negatively affect these species. 
Exotic species and other disturbances such as fragmentation can alter the intensity 
and frequency of the fire regime, severely affecting native species' abilities to 
regenerate (Baird, 1977; D' Antonio & Vitousek, 1992; D'Antonio, 2000). One 
group of exotic species associated with changes to fire cycles are the grasses. 
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Exotic species, in particular grasses, have been implicated in changes to the fire 
regimes across the globe (D' Antonio & Vitousek, 1992; D'Antonio, 2000). 
Examples of the effects of grasses on fire cycles have been documented for North, 
Central and South America, Oceania and Australia (D'Antonio & Vitousek, 
1992). Grasses affect the fire regime by adding to the fuel load (D'Antonio & 
Vitousek, 1992; Hussey & Wallace, 1993; D'Antonio, 2000), which can increase 
the intensity of fires. Many grass species, and particularly species invading 
Australian ecosystems (Swarbrick & Skarrat, 1994; Brown & Brooks, 2003}, can 
germinate faster than native species after fire events and reach reproductive 
maturity sooner (Baird, 1977). For example, Naveh (1973) observed that many 
perennial grasses will resprout after a fire and have elevated levels of seed 
production. This can create a cycle where the intensity of fires increases, the 
exotic grasses recover quickly, reproduce sooner than native species, further 
incn" :;ing the fuel load and intensity of fires (D'Antonio & Vitousek, 1992). The 
effects of changes to fire regimes, particularly on the recuperative abilities of 
native species, are magnified in fragmented ecosystems. 
1.4 Fragmented ecosystems- ecological considerations 
The effects of disturbances such as fire and exotic species invasion is increased in 
fragmented ecosystems (Baird, 1977; Fisher, 1999; Hobbs, 2000). Fragmentation 
is the process whereby large areas of vegetation are broken up into smaller, 
frequently isolated, areas, often called remnants or corridors, depending on the 
size and the spatial arrangement of the area. This is usually caused by clearing for 
agriculture and urbanisation (Hobbs, 2000). The most profound effect of 
fragmentation on natural systems is the change to the edge to volume ratio 
(Luken, 1997; Panetta & Hopkins, 1991). The edges of fragments are larger 
relative to the volume, which provides more avenues for weed invasion (Luken, 
1997; Panetta & Hopkins, 1991; Hopkins, 2000). The implications of this can be 
seen along roadsides next to bushland fragments, where native species are quickly 
replaced by invasive weed species (Milberg & Lamont, 1995; Panetta & Hopkins, 
1991 ). The extent of fragmentation creates a need to understand management in 
the context of this disturbance. Examples of fragmented natural systems affected 
by weed invasions can be observed on the Swan Coastal Plain, Western Australia 
in parks like Kings Park and Bold Park. 
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1.5 Weeds defined 
The simplest definition of a weed is a species growing where it is not wanted 
(Humphries eta/., 1991). Weeds can be native or non-native. A native weed is a 
species that is originally from that area, but is now growing in an abundance that 
has deleterious effects on other native species. For example, in Bold Park, the 
local population of Chamelaucium uncinatum (Wembley Wax) is threatened by 
invasions of the northern variety of this species, C. uncinatum (Geraldton Wax) 
(BGPA, 2000). The northern variety is invading the bold Park bush and is 
hybridising the local species and reducing the number of stands of the local 
variety (BGPA, 2000). While there can be a range of factors that drive the 
development of weediness in native species, altered disturbance regimes are 
usually associated with the change. In this example, the altered disturbance 
regime is intentional introduction in domestic gardens. 
NonMnative weeds are species that were not oiiginally found in a defined area. 
Non-native weeds can be species that are considered native on a broader sense, 
but are not native to that specified area (Keighery, 2002). While many of these 
weeds have limited negative impacts (Groves, 1990), others have become 
problems where they are established. For example, Lepidospermum /aevigatum is 
a native species that is having effects as a weed outside of its natural distribution 
(Lam & van Etten, 2002). In the Kings Park bushland, a remnant on the Swan 
Coastal Plain, Eucalyptus hotryoides and E. cladocalyx are non-local natives that 
have established and are outcompeting native eucalypt species (Radho-Toly et al., 
2001; Ruthrof et al., 2003). Similarly, Brachychiton popuineus is also a native in 
other areas of Australia, but is a weed of concern in Kings Park (Buist et a/., 
2000). 
The other type of nonMnative weed is an introduced or exotic species. These 
species have never been native to the area, and generally are not native to the 
entire region (Groves, 199S; Richardson eta/., 2000). While some of these species 
arrive accidentally, the vast majority of introduced species that become weeds 
were intentionally introduced (Groves, 1998). That is not to say that they were 
intentionally introduced as weeds, but that their arrival in the region was 
intentional (Groves, 1998). In bushland areas, exotic species are rarely desirable, 
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except where they f,.dfil a crucial functional role for which there is no native 
species or aid in recovery from disturbances (De Pietri, 1992). 
Weed species can be further subdivided based on degree of invasiveness. Invasive 
weed species are weeds that have the capacity to increase the size and distribution 
of their populations (Lonsdale, 1999; Randall, 2000). While there have been 
attempts to quantify just how much expansion is required for a species to be 
invasive, the general rule of thumb appears to be that if the population occupies 
more space than it previously did, it is invasive. A highly invasive species is one 
that can rapidly expand its range. 
The final group of weed species are environmental weeds. These are weeds whose 
presence has led to the alteration of important ecosystem processes or the 
structure of the communities they invade (Groves, 1991; Adair & Groves, 1998; 
Armstrong et a!., 1999; Williams & West, 2000). Environmental and highly 
invasive weeds are the priority for bushland managers as these weed species can 
have the greatest impacts on bushland areas (Adair & Groves, 1998). Examples of 
the effects of environmental weeds include the prevention of native species' 
recruitment, alteration of hydrological cycles and geomorphological processes to 
name a few (Csurhes & Edwards, 1998). In the context of impacts of weeds on 
bushland areas, invasive and environmental weeds require the most attention. 
1.6 The impacts of weeds on bushland 
Weed species can reduce native species diversity by outcompeting them for 
resources (Hussey & WalJace, 1993; Adair & Groves, 1998; Csurhes & Edwards, 
1998). Through this competitive interaction, weed species may ultimately displace 
native species, which can lead to the fonnation of uniform weed communities 
(Hussey & Wallace, 1993; Hobbs, 2000). The capacity for exotic species to 
invade natural systems and displace native species is well documented across the 
globe (D'Antonio & Vitousek, 1992). The successful establishment of exotic 
species is often linked to the ongoing modification of disturbances and ecosystem 
processes (Hobbs, 1991; 2000). 
Exotic species have been linked to changes in ecosystem processes by altering 
hydrological and nutrient cycles, geological processes and the vegetative structure 
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of communities (Humphries eta/., 1991; Hussey & Wallace, 1993; Csurhes & 
Edwards, 1998). These changes in ecosystem processes can alter microsite 
conditions so that the adaptations of native species no longer provide them with a 
comp~titive advantage (Hobbs, 1991). Chn..iges to ecosystem processes are 
particularly significant if they alter the availability of resources that restrict the 
distribution of exotic species (Hobbs, 1991; 2000). In other words, the worst 
outcome of the alteration of ecosystem processes can be increased weed invasion 
and the loss of more native species. Because of these interactions, management of 
bushland areas must focus on the removal of weed species and the reduction of 
disturbances (Hussey & Wallace, 1993). 
The effects of the herbicides on weeds are well documented ( eg. Moore & 
Wheeler, 2002; Brown & Brooks, 2003). Similarly, the effects of fire and post fire 
recovery in Western Australian ecosystems (Milberg & Lamont, 1995; Hobbs & 
Atkins, 1991; D'Antonio, 2000), and urban reserves (Baird, 1977; Hopkins & 
Griffin, 1989; Watson & Dell, 1981) have been investigated. This research aims 
to add to this knowledge base by examining the effectiveness of weed control in a 
post-fire environment in Bold Park, an urban bushland remnant. 
1. 7 Bold Park- a fragmented, highly disturbed, weed invaded bushland 
Bold Park is a 437 ha A class reserve on the Swan Coastal Plain. It has high 
conservation value, mainly because of its range of vegetation communities and the 
breadth of flora it holds (BGPA, 2000). Unfortlmately, the park has high levels of 
weed invasion and is affected by altered disturbance regimes. Amongst the altered 
disturbances are fire events. These fire events are associated with the invasion of 
the park by a suite of invasive weeds. Management activities to reduce the effects 
of WeO!d invasion and disturbances are ongoing. 
Examples of the management activities in Bold Park include the removal of 
garden waste, monitoring park users, revegetation work and weed control 
activities (BGPA, 2000}. These activities are limited by the availability of funds. 
As such, any feedback that can indicate the effectiveness of their activities can be 
used to rnaxitrJse the benefits of these activities in the light of limited funds. For 
example, a fire in a section of Bold Park in December 2000 has provided the 
opportunity for focussed weed control activities to remove invasive weed species. 
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This focussed weed control also provides an opportunity to assess the 
effectiveness of these weed control activities. 
J.BAims 
There were two main aims of this project. The first aim of this research was to 
study the effectiveness of herbicide applications after a fire as a tool to promote 
weed control activities in Bold Park. This was to be achieved in two phases. Their 
objectives were: 
1) To determine the impacts of herbicides on the native and weed composition in 
the December 2000 burn site of bold Park; and 
2) To determine the impacts of herbicides on native species recruitment in the 
December 2000 burn site. 
The second aim of this research was to study the germination ecology of priority 
weed species within Bold Park in the context of invasiveness. This research is 
central to developing an understanding of how these weed species are able to 
invade bushland areas. This research also aimed to enhance the understanding of 
dormancy mechanisms in these species, a factor associated with responses to 
disturbances, seed longevity and the development of response plans. These 
objectives were to be achieved in three main phases. Their objectives were: 
1) To determine the viability of E. calycina, Pelargonium capitatum and 
Euphorbia terracina seeds; 
2) To determine whether the seeds of these species had any dormancy 
mechanisms and investigate the means by which dormancy mechanisms could be 
overcome; and 
4) To investigate the germination of these seeds. 
1.9 Organization of thesis 
Chapter 2 describes the environmental characteristics of Bold Park, Western 
Australia. The weed management pmctices within the park and the relevance of 
the research to the adaptive management of Bold Park are introduced. 
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Chapter 3 describes and discusses the floristics of the study area. This chapter 
focuses on native and weed species' diversity, abundance as well as the 
recruitment of native species. 
Chapter 4 discusses the germination ecology of E. calycina, P. capitatum and E. 
terracina, three priority weed species in Bold Park. 
Chapter 5 discusses the results of the research in relation to the adaptive 
management strategy for Bold Park and suggests future research in the field of 
weed ecology and post-fire bushland management. 
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CHAPTER TWO 
BOLD PARK CONSERVATION RESERVE 
2.1 ENVIRONMENTAL SETTINGS OF THE BOLD PARK 
BUSHLAND 
2.1.1 Location 
Bold Park is an A class reserve of 437 hectares located on the western edge of the 
Swan Coastal Plain (Fig. 2.1 ), approximately llkm from the Perth Central 
Business District (Botanic Gardens 8{- Parks Authority, 2000). Bold Park consists 
of one large bushland area, with several smaller, separated bushland areas. The 
bushland is surrounded by urban development, with the exception of the eastern 
side of the park, which is bordered by Peny Lakes. 
/"1 
a rs' 
/ 
...__./'__./ 
r/ 
I 
~);. WESTERN 
\ AUSTAAJ..IA 
\,.PERTH 
Figure 2.1 Maps showing (a) location of Perth in Western Australia and (b) location of Bold 
Park relative to Perth (Adapted from BGPA, 2000) 
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2.1.2 History 
Bold Park contains one site that has been documented on the Aboriginal Site 
Register, whilst two sites have been identified adjacent to the park. These sites are 
acknowledged as having emotional and spiritual values for local Aboriginal clans. 
The sites are considered to be linked as transit occurred between all three. Under 
the Native Title Act 1993, there is a registered claim over sections of the Perth 
metropolitan area, including Bold Park (BGPA, 2000). 
The earliest recorded European usage of the area now known as Bold Park was in 
1834, when Henry Trigg developed part of the reserve as a limestone quarry and 
works. Between 1844 and 1879, Bold Park was used for a variety of purposes 
including an abattoir, stock holding yards and a tannery. The land was owned by 
Joseph Perry from 1879 until it was purchased by the City of Perth in 1917. 
Aspects of the park's history of modem significance include Perry House, Camel 
Lake, the pine plantations ru1d a series of fire breaks parallel to the beach, 
including what is now known as Zamia trail. These are significant because they 
are representative of past land practices (BGPA, 2000). 
In 1983, Bold Park, the Swanboume Rifle Range and beach were ail proposed as a 
conservation, education and recreation based Regional Park by the Environmental 
Protection Authority (EPA) (EPA, 1983). In 1995, Bold Park was declared an A-
class reserve under the control of the Town of Cambridge (BGPA, 2000). In 1998, 
management authority was transferred to the Kings Park Board, which was 
dissolved in 1998, after which management was transferred to the Botanic 
Gardens aod Parks Authority (BGPA, 2000). 
2.1.3 Climatic setting 
Bold Park is located in an area with a temperate mediterannean climate 
characterised by warm, dry summers and cool, wet winters (BOM, 2004). The 
hottest month is February, with a mean daily maximum temperature of 31.8nc and 
a minimum of 17.4°C (BOM, 2004). The lowest daily maximum is in July, at 
17.8°C with the lowest daily minimum temperature of gnc in August (BOM, 
2004). The annual rainfall is an average of 788 mm, spread over 114 rain days per 
year (BOM, 2004). Mean annual rainfall is highest in June at 168.6 mm and 
lowest in Jaouary at 8.1 mm (BOM, 2004). The mean daily evaporation rate peaks 
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in January at 10.3 nun per day and is lowest in June and July, at 2.2 nun per day 
(BOM, 2004). Mean daily sunshine hours are highest in December at 11.8 Ius per 
day and are lowest in l1me and July, at 5.9 hours per day (BOM, 2004). 
2.1.4 Soils 
Bold Park is located on the Swan Coastal Plain of Western Australia. The Swan 
Coastal Plain is composed of a series of dune systems that are oriented parallel to 
the ~oast and tenninate at the foothills of the Darling Scarp to the east (Seddon, 
1972; McArthur & Bettanay, 1974). The dune systems are progressively younger 
towards the coast, are aeolian in origin, with the coastal dunes being high in 
calcareous content of marine origin and the central dune systems largely siliceous 
(McArthur & Bettanay, 1974; Bolland, 1996). 
Bold Park is located on the coastal dunes systems, with the youngest soils located 
on the west side of the park Challenger Parade. These are marine in origin, 
consisting of fine sc;diments with a high calcium carbonate content from shells. 
The remainder of Bold Park is located on the Quindalup and the Spearwocd dune 
systems (BGPA, 2000). 
The sands of the Quindalup dunes are pale grey in colour with a deeper layer of 
cream to white sands (McArthur, 1991). The Spearwood dune system can be 
further classified into the Cottesloe and the Karrakatta soils (McArthur & 
Bettanay, 1974). Cottesloe soils are limited in distribution within Bold Park. 
Cottesloe soils are dark grey/brown soils over bright yellow sands over limestone. 
Karrakatta sands are deeper, highly siliceous over deeper pale yellow sands 
(McArthur & Bettanay, 1974). 
The sands of the dune systems within Bold Park can be characterised as prone to 
erosion, with low water and nutrient retention capacities with an undulating 
topography that is reflective of dune fonnations. The soils of Bold Park are 
generally higher in some nutrients such as phosphorus than comparable soils 
under similar vegetation associations because of past land use practices (BGPA, 
2000). 
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2.1.5 Vegetation 
There are 298 native and 207 introduced taxa in Bold Park. Of the ictroduced 
taxa, 164 are weeds and the remainder are non-local natives. There are 95 families 
and 287 genera within Bold Park, with Poaceae (grasses) the most dominant with 
42 taxa, mostly weeds (BGPA, 2000). There are seven broad floristic 
communities identified within Bold Park (Keighery eta/., 1990). These can be 
further subdivided into 30 different communities based on species dominanre and 
community members (BGPA, 2000). The most abundant community types within 
Bold Park are the Banksia woodlands with an emergent Eucalyptus 
gomphocepha/a canopy on grey sands (BGPA, 2000) and open E. gomphocephala 
woodlands with a Banksia understorey on grey sands (BGPA, 2000). 
The vegetation condition of Bold Park is very poor in 56% of the park and poor in 
26% of the park (BGPA, 2000). This assessment is based on the percentage weed 
and native cover. There are seven priority taxa in Bold Park and 18 regionally 
signifkant species in Bold Park (BGPA, 2000). Regional significance reflects the 
distributions and representations of the species along their range. Significant 
among these is Chamelacium uncinatum (Wembley wax), which is a sub species 
unique to this area (BGPA, 2000). The park provides floristic linkages with other 
urban remnants including Kings Park, Yalgorup National Park and Yanchep 
National Park (Keighery eta/., 1990). 
2.J.6Fauna 
Bold Park has one of the most diverse vertebrate faunal assemblages on the Swan 
Coastal Plain, including a range of threatened species (How & Dell, 1990). Bold 
Park has significant international value as a habitat for migratory birds 
(Government of Western Australia, 2000). Bold Park is also invaded by pest 
species, including foxes, rabbits and domestic animals (BGPA, 2000). 
2.1. 7 Disturbance and fire history of Bold Park 
Bold Park has an extensive and varied disturbance history that relates to past and 
present improper usage. Disturbances include horse riding, rubbish dumping and 
intentional fires (BGPA, 2000). The recent fire history of Bold Park has included 
major fires during 1983, 1985, 1991, 1997 (BOP A, 2000) and more recently 2000 
and 2002. The 2000 fire occurred in the area of Bold Park known as the Oceanic 
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Precinct (Fig. 2.2) and the 2002 fire occurred in the Mt Claremont site. The 2000 
fire is the focus of this research. 
Figure 2.2 Map of Oceanic Precinct, Bold Park, showing the December 2000 burn site (dark 
shading). The map is oriented so that north faces the top of the page. The road to the north 
of Bold Park is Oceanic Drive, the road to the west is West Coast Highway. (Source: BGPA) 
2.2 WEEDS AND WEED RESEARCH FOR ADAPTIVE MANAGEMENT 
WITIDN BOLD PARK 
2.2.1 Priority weed species of Bold Park 
Bold Park is invaded by a range of exotic species; the most serious threats being 
posed by Ehrharta calycina (perennial veld grass), Pelargonium capitatum (rose 
pelargonium) and Euphorbia terracina (Geraldton carnation weed) (BGPA, 
2000). These species are all highly invasive and are capable of reducing species 
diversity and modifying ecosystem process~s (Swarbrick & Skarrat, 1994; Dixon, 
1999; Brown & Brooks, 2003). 
Ehrharta calycina Sm. (perennial veld grass) is a tussock forming, or caespitose, 
C3 perennial grass from South Africa (Plate 2.1; Swarbrick & Skarratt, 1994; 
Hussey eta!., 1997; Paczkowska & Chapman, 2000; Brown & Brooks, 2003). 
The grass typically ~rows to a height of between 30 and 70cm (Hussey et al. , 
1997; Paczkowska & Chapman, 2000) but has been recorded to heights of lm 
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(Swarbrick & Skanatt, 1994). In recordings of the species in Western Australia, 
Ehrharta calycina grows mostly in the cooler months and flowers in spring, 
usually with two flowering flushes (Hussey eta/., 2000; Brown & Brooks, 2003). 
The inflorescence of E. calycina is a drooping panicle with green to purple-red 
flowers upon maturity (Paczkowska & Chapman, 2000; Hussey et a/., 2000). The 
main reproductive units of E. calycina are wind and animal dispersed seeds and 
short rhizomes (Brown & Brooks, 2003). The persistence of E. calycina seeds in 
the soil seedbank is thought to be relatively short, with seed production and 
germination enhanced by fire (Brown & Brooks, 2003). The principle 
management concerns associated with E. calycina are its role in increasing fire 
frequency and smothering of native vegetation (Swarbrick & Skarratt, 1994). 
Plate 2.1. Photograph of an E. calycina plant. (Photo by J . Dodd, source: Hussey et al., 1997) 
Pelargonium capitatum (L.) L'Her (rose pelargonium) is a shrubby perennial 
hirsute herb from South Africa (Plate 2.2; Hussey eta/., 1997; Paczkowska & 
Chapman, 2000; Moore & Wheeler, 2002). In south-western Australia, the plant 
produces a compact head of pink through purple flowers between August and 
December (Hussey et al., 1997; Paczkowska & Chapman, 2000; Brown & 
Brooks, 2003). The. reproductive units of P. capitatum are seeds and root 
fragments or suckers (Swarbrick & Skarratt, 1994; Brown & Brooks, 2003). Seeds 
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are dispersed by wind, water and soil movement (Swarbrick & Skarratt, 1994; 
Brown & Brooks, 2003). The persistence of the seeds of P. capitatum is unknown 
(Brown & Brooks, 2003). The primary management concerns associated with P. 
capitatum are the loss of basking space for reptiles and the reduction of native 
species richness (Swarbrick & Skarratt, 1994). 
Plate 2.2 Photograph of detail of flowers (pink) and leaves of P. capitatum (Photo by R. 
Randall, source: Hussey et al., 1997). 
Euphorbia terracina L. (Geraldton carnation weed) is a glabrous erect perellllial 
herb that grows to a height of between 10 and 80cm (Plate 2.3 ; Hussey et al. , 
1997; Paczkowska & Chapman, 2000). The inflorescence of E. terracina is 
terminal, yellow-green in colour and flowers between August and December 
(Hussey et al. , 1997; Paczkowska & Chapman, 2000; Brown & Brooks, 2003). 
Euphorbia terracina reproduces by seed dispersed from an explosive fruit and 
persists in the soil seedbank for three to five years (Brown & Brooks, 2003). 
Euphorbia terracina produces a caustic sap when the stem is cut or damaged 
(Hussey et al, 1997). 
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Plate 2.3 Photograph of E. terracina plant (Photo by J . Dodd; source: Hussey et al., 1997). 
2.2.2 Current weed management strategies 
The BOP A management team, external contractors and the Friends of Bold Park 
undertake weed control within Bold Park. Management of weed species includes 
chemical and physical control methods. The management of exotic species by 
chemical control methods in the focus site of the December 2000 burn site of Bold 
Park is the focus of this research. The focus site is approximately 45ha of 
bushland lying to the west and north of Rea bold Hill. Priority weed species in this 
area are E. calycina and P. capitatum. Primary management of these two species 
is by chemical methods, which are described below. 
Chemical control of E. calycina is achieved by utilising the grass specific 
herbicide Fusilade TM. Fusilade TM is a grass selective herbicide with fluazifop-P as 
its active constituent (ICI Australia Operations Pty Ltd, nd). The herbicide is 
applied with Pulse TM, a penetrant, and Agral ™, a wetter. Fusilade TM is effective 
when applied no less than 30 minutes before rain. In Bold Park, application is by 
vehicle with pump and hose within 1OOm of the road edge and by backpack 
beyond the limits of the hose. Blue n•, an organic dye, is used when spraying so 
that progress can be r~corded and to avoid spraying the same area twice. Spraying 
with Fusilade ™ occurs during the active growing season for E. calycina, which is 
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from May until August. Dosage rates are as per manufacturers instructions. Sites 
are usually sp .. J.}'ed once per season. 
Chemical control of P. capifatum is achieved using Aim TV , a non-selective 
broadleaf herbicide with metsulfuron as its active constituent. Aim..,. is applied 
with Roundup 111 , which has 450-glyphosate as its active constituent (Monsanto, 
1985). These two herbicides are applied with Agralno as a wetter and Pulse no as a 
penetrant. Spraying with non-selective herbicides requires topical applications so 
all spraying is done using backpack sprayers. Blue no, an organic dye, is added to 
the herbicide prior to spraying so that progress can be monitored and to prevent 
repeated applications where not required. Spraying for P. capitatum typically 
occurs between May and October. Dosage rates are as per manufacturers 
instructions. Sites are usually sprayed once per season. 
2.2.3 Weed research and the Bold Park Environmental Management Plan 
The potential for weeds to disrupt natural ecosystem processes and the need for 
corr~rehensive research on their effects is highlighted in the Environmental 
Management Plant (EMP) (BGPA, 2000). The principle management objective 
for Bold Park is to maintain and conserve the biological integrity of the native 
biota, so that conservation, recreational and scientific activities can be enjoyed 
(BGPA, 2000). Maintenance and conservation of the biological integrity of the 
native biota can be achieved through research into the impacts of weeds in the 
park and the effectiveness of the management approach to disturbance and weed 
control (Adair & Groves, 1998; BGPA, 2000). 
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CHAPTER THREE 
POST-FIRE WEED MANAGEMENT IN A FRAGMENTED 
URBAN BANKS/A WOODLAND: COMMUNITY RESPONSES 
3.1INTRODUCTION 
Disturbance events such as fires are frequently associated with an increase in the 
weed species abundance in Western Australian woodlands and bushland (Amor & 
Piggin, 1977; Piggott, 1988; Hopkins & Griffin, 1989; Milberg & Lamont, 1995). 
This is generally considered to be in response to short-term increases in nutrient 
availability and mortality associated with the fires (Amor & Piggin, 1977; 
Bridgewater & Backshall, 1981; Davis & Pelsor, 2001). These effects are 
magnified if any of the invasive species has a positive response to fire (Carrington 
& Keeley, 1999). Where the native vegetation has co-evolved with fire, such as in 
the south-west of Western Australia, the fire event may also be associated with an 
increase in the recruitment of native species (Baird, 1977; Bridgewater & 
Backshall, 1981; Yates eta/., 1994). The capacity for either group of species to 
benefit from disturbances is affected by the availability of propagules (Milberg & 
Lamont, 1995; Saffer eta/., 2002). 
In many bushland areas of the south west of Western Australia, particularly those 
which are fragmented, fire events can lead to increased invasion by grasses 
(Baird, 1977; Bridgewater & Backshall, 1981; Milberg & Lamont, 1995). The 
increased population sizes of grasses ha.ve implications for fire management and 
recruitment of native species. Grass species are not typically dominant in these 
woodlands, so the increased presence of grasses alters fire characteristics (Milberg 
& Lamont, 1995). 
Exotic grasses alter the fire characteristics in woodlands by adding to the fine fuel 
load (D'Antonio & Vitousek, 1992; van Etten, 1995a; l995b). This can lead to 
more intensely burning fires (van Etten l995a; l995b). The increased intensity 
can lead to higher mortalities, which opens the canopy, allowing more light to 
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penetrate. This in tum enhances recruitment by weedu, and particularly grasses 
like E. ca/ycina (Baird, 1977; Milberg & Lamont, 1995). This increased 
recruitment then leads to an increase in the fuel load. This can lead to. the creation 
of the grass weed/fire cycle (D'Antonio & Vitousek, 1992). 
Grass species are also associated with reduced recruitment of native species, 
typically through direct competition (Bridgewater & Backshall, 1981). The long-
term implications of an increased grass population include modification of the fire 
regime (D'Antonio & Vitousek, 1992; Milberg & Lamont, 1995; Hobbs, 2003) 
and reduction in the structure and composition of vegetation communities 
(Bridgewater & Backshall, 1981; Lenz eta/., 2003). The negative impacts of 
invasive grasses are not restricted to the woodlands and bushlands of south-west 
Western Austraha, but are common in many areas jnvaded by exotic grasses 
(Lambrinos, 2000; Williamson et a/., 2004). 
The urban bushland reserve of Bold Park is an example of a weed invaded area of 
native vegetation subjected to episodic fire events. Uke other bushland reserves 
on the Swan Coastal Plain, Bold Park has high levels of infestations of the 
invasive grass species Ehrharta calycina. Tills species can benefit from fire events 
with high levels of recruitment and rapid growth (Baird, 1977; Milberg & 
Lamont, 1995; Brown & Brooks, 2003; Hopper, 2003). Therefor~, to maximise 
any native recruitment triggered by any fire event in Bold Park, and other 
bushland reserves, effective post-fire weed management is required. 
A summer fire occurred in Bold Park in December 2000. An area of 
approximately 75ha was burnt. This area contained Banksia woodlands, ttiart 
(Eucalyptus gomphocephala) woodlands and coastal low heath (BGPA, 2000). 
Previous weed surveys of this area indicated E. calycina infestations ranging in 
cover from nil to 85% (BGPA- unpublished data). In light of the known positive 
germination responses to fire of E. calycina (Baird, 1977; Milberg & Lamont, 
1985; Brown & Brooks, 2003), a reasonable prediction would be that in the 
absence of weed control in the December 2000 burn site, cover would return to 
these pre-fire levels or potentially higher. 
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Three weed management strategies have been employed in the December 2000 
fire area (also known as the Oceanic precinct). The first management strategy has 
been no weed control measures. The second has involved the use of a non-
selective broadleaf herbicide regime, principally for the control of Pelargonium 
capitatum, another invasive weed of Bold Park. The third management strategy 
has been the use of a grass selective herbicide, FusiladeTM, with a broadleaf 
herbicide mix. The grass selective herbicide is used for the control of E. calycina. 
The primary objective for these weed control measures were to reduce the impacts 
of these weeds on the bushland of Bold Park. In particular, a reduction in the 
abundance and density of E calycirta was a priority as this would lead to reduced 
fuel loads and fire i 1,tensity if another fire was to occur in this area. Weed control 
was also undertaken to maximise the benefits of fire in promoting native species 
recruitment. 
It was hypothesised that effective control would lead to reduced population sizes 
of those weed species targeted for control. It was also proposed that concomitant 
with this should be an increased native species population, expressed in terms of 
increased richness, abundance and cover. Finally, it was hypothesised that levels 
of native species recruitment would be higher in the weed control areas due to 
reduced competition with weed species. The aim of this research was to test these 
hypotheses by conducting recruitment and vegetation surveys within the three 
different weed control areas of the December 2000 bum site of Bold Park. 
3.2METHODS 
3.2.1 Vegetation sampling 
Sampling was undertaken from October to December 2003 in the December 2000 
bum site (Fig. 3.1). lbree weed control treatments have been implemented after 
the fire in this area: 
1. No control of exotic species; 
2. The selective application of Aim"' and Roundup n< , for the control of P. 
capitatum; and 
3. The control of E. ca/ycinn using Fusilade"' and P. capitatum using of Aim n< 
and Roundup n<. 
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All spraying occurred between May and August of2002 and 2003 . All herbicides 
were applied using backpack sprayers. 
No sampling was undertaken in the unburnt areas due to the absence of any weed 
control activities in these areas. This would limit the value of any data collected 
because the separation of results along treatment and disturbance associations 
could not be made. 
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Figure 3.1 Map of the section of the D~cember 2000 burn site of Bold Park in which 
vegetation surveys were conducted. The map is oriented with north at the top of the page. 
The road on the northern border is Oceanic Drive and the road on the west is West Coast 
Highway. The numbers on the map are peg markers, which are 50 m apart. The white boxes 
are unsprayed sites, the dark shaded boxes are sites sprayed with AimTM and RoundupTM 
and the light shaded boxes are sites spr·ayed with FusiladeT~', AimTM and Roundupn•. 
Within each of these treatment groups, three sites were selected and at each site, 
three 2500m2 (50m x 50m) plots were established. All of these sites were located 
in either Banksia woodland with an emerging Eucalyptus gomphocephala canopy 
(type 4a in the vegetation mapping provided in the Bold Park EMP; BGPA, 2000) 
or E. gomphocephala woodland with a midstorey of Banksia attenuata and B. 
menziesii (type ld in the vegetation mapping provided in the Bold Park EMP; 
BGPA, 2000). While these vegetation associations differed slightly in the 
dominance of canopy species, the understorey species were floristically similar. 
Habitat matching of shrub, subshrub and herbaceous species was undertaken to 
ensure that the sites selected were representative of the vegetation type and were 
similar to each other. Within each of the 2500rn2 plots, four 50m2 (1Om x 5m) 
quadrats were located, giving a total of 12 quadrats per treatment. 
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AU species present in the 50m2 quadrats were recorded and had their abundance 
and cover measured. The cover of species was calculated in 1m2 quadrats, 
repeated 50 times to cover the entire minor quadrat. The cover was then expressed 
as an average percentage cover. Abundance was calculated by counting the total 
number of individuals in the quadrat. Where clonal species were surveyed, clumps 
that were obviously once plant were treated as one individual. Sampling was 
restricted to the shrub, subshrub and herbaceous species. 
Species identifications and nomenclature were completed using The Western 
Australian Flora: A descriptive catalogue (Paczkowska & Chapman, 2000}, The 
bushland plants of Kings Park(Bennett, 1988), and Western Weeds (Hussey et al., 
1997). 
3.2.2 Recruitment 
Initial surveying of the 2003 cohort of recruits was conducted in 50m2 quadrats. 
However, due to low levels or no recruitment in the quadrats, recruitment was 
surveyed in the 2500m2 plots. This gave three replicates per treatment and a total 
of nine plots overall. Recruits were identified in the field and had a pin marker 
placed adjacent to them to enable their survival to be scored. Recruitment was 
scored between early November and early December 2003 with survival scored in 
March2004. 
3.2.3 Data analysis 
Vegetation surveys 
Species recorded in the field where classified into Families and Classes to 
calculate the species richness of these taxonomic levels for the whole survey area. 
Mean native and weed species numbers per quadrat were generated for each 
treatment and graphed. Mean native and weed species percentage cover per 
quadrat was generated for each treatment and graphed. To measure the 
effectiveness of the weed control activities on E. calycina end P. capitatum, the 
mean percentage cover of these species per quadrat was generated for each 
treatment and graphed. Analysis of Variance (ANOVA) was performed on the 
richness data to determine whether any treatment effect could be observed. Data 
was tested for the assumptions of normal!ty prior to ANOV A. A Kruskal-Wallis 
test was used for percentage cover data. 
23 
Multivariate analysis 
Detailed vegetation analysis was conducted using PRIMER 5 (Plymouth Routines 
in Multivariate Ecological Research, version 5.2.1). PRJMER is a multivariate 
statistical package that investigates relationships between ecological variables and 
reveals ecological patterns. Analyses from PRJMER 5 used in this research were 
SIMPER, MDS and ANOSIM. 
Prior to continuing with the other analyses used in this research, a similarity 
matrix was generated in PRJMER. The similarity matrix generates an output that 
shows relationships between all quadrats. Values range from one, indicating all 
variables are the same for two quadrats, to zero, indicating no variables are the 
same for two quadrats. Similarity matrices for abundances were generated using 
non-transformed abundance data and were based on Bray-Curtis similarity values. 
Similarity matrices for percentage cover were based on non-transformed data and 
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were based on Euclidean distances. All subsequent analysis in PRJMER was 
based on these matrices. Data transformation (square root and log]()) was tested, 
however, no significant change to the trends revealed in the analyses was 
observed. As such, it was decided to leave data untransfonned. 
SIMPER (Similarity Percentage) analyses the similarity matrix and indicates 
which species are contributing the most to the similarity and dissimilarity between 
quadrats. The output also indicates how much each species contributes to the 
similarities or differences. SIMPER analysis was used in this research to 
determine similarities at the site and treatment level. 
MDS {Non Metric Multi-Dimensional Scaling) attempts to group quadrats 
according to their similarity. This is done by performing multiple permutations, 
which randomly groups the species observed and plots the relationship. In the 
MDS analysis in this research. 99 random permutations were run before graphing. 
The output from MDS is a 2-D ordination that shows the quadrat groupings. The 
relative level of similarity between quadrats can be inferred by their closeness in 
the ordination. Along with producing an ordination graph, MDS produces a stress 
value. The stress value indicates how strongly the distances between sites in the 
final ordination reflects the underlying relationships between the quadrats. Low 
stress values indicate a strong representation of the relationships in the ordination. 
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A value above two indicates that the ordination is a poor representation. MDS 
analysis was used on abundances and percentage cover of native and weed 
species. 
Finally, a two-way nested ANOSIM (Analysis of Similarity) based on sites within 
treatments was conducted. ANOSIM is a multivariate equivalent to ANOVA and 
was used to test the significance of differences in floristics between sites and 
treatments. ANOSIM in this research was run with 999 random pennutations. The 
results of ANOSIM are expressed as a Global R value, with pairwise tests 
producing R-values. The pairwise tests failed to indicate where differences lay, so 
one-way ANOSIM was used to compare between treatments. 
Recruitment 
Recruitment data was tabulated to show recruitment by species and by quadrat. 
Survival data was tabulated to show survival by species and by quadrat. The mean 
number of recruits and survivors (richness and abundance) per treatment was 
calculated and graphed. A one-way ANOVA was perfonned on the recruitment 
and survival data, on the richness and abundance data. To better meet the 
assumptions of nonnality, all recruitment data was square root transformed prior 
toANOVA. 
3.3RESULTS 
J.J.l Vegetation surveys 
A total of 75 species of plants were recorded in the survey area. Of these, 50 
species were natives and 25 species were weeds. Natives were from 28 families 
(Table 3.1) whilst weeds were from 12 families (Table 3.2). The most widely 
represented families of natives were Papilionaceae (five species), Cyperaceae 
(four species), Myrtaceae (four species) and Proteaceae (four species). The most 
widely represented families of weeds were Poaceae (eight species) and Asteraceae 
(six species). 
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Table 3.1 Native species in the December 2000 burn sile in Bold Park surveyed in October-
December 2003. Species are organised by Family, with Order also recorded. 
Order Family Species 
Magnoliopsidae Amaranthaceae Ptilotus polystachyus 
Liliopsidae Anthericaceae Corynotheca micrantha 
Liliopsidae Anthericaceae Thysanotus arenari;1s 
Liliopsidae Anthericaceae Tricoryne e/atior 
Magnoliopsidae Asteraceae 0/earia axif/aris 
Magnoliopsidae Asteraceae Ozothamnus cordatus 
Magnoliopsidae Casuarinaceae A//ocasuarina humilis 
Magnoliopsidae Chenopodiaceae Rhagodia bacca/a 
Magnoliopsidae Crassulaceae Crassu/a ala/a 
Liliopsidae Cyperaceae lsolepis marginata 
Liliopsidae Cyperaceae Lepidosperma g/adiatum 
Liliopsidae Cyperaceae Lepidosperma squama/urn 
Liliopsidae Cyperaceae Schoenus grandiflorus 
Liliopsidae Dasypogonaceae Acanthocarpus preissii 
Liliopsidae Da~ypogonaceae Lomandra maritima 
Magnoliopsidae Goodeniaceae Lechenaultia linarioides 
Magnoliopsidae Goodeniaceae Scaeva/a anchusifolia 
Magnoliopsidae Goodeniaceae Scaevola thesioides 
Magnoliopsidae Gyrostemonaceae Tersonia cyathiflora 
Liliopsidae Haemodoraceae Anigozanthos manglesii 
Liliopsidae Haemodoraceae Conostylis candicans 
Magnoliopsidae Loheliaceae Lobelia tenuior 
Magnoliopsidae Mimosaceae Acacia lasiocarpa 
Magnoliopsidae Mimosaceae Acacia pulchella 
Magnoliopsidae Myrtaceae Ca/othamnus quadrifidus 
Magnoliopsidae Myrtaceae Chamelaucium uncinatum 
Magnoliopsidae Myrtaceae Eucalyptus gomphocephala 
Magnoliopsidae Myrtaceae Me/aleuca systena 
Liliopsidae Orchidaceae Microtis media 
Magnoliopsidae Papilionaceae Daviesia divaricata 
Magnoliopsidae Papilionaceae Gastro/obium sp 
Magnoliopsidae Papilionaceae Gompho/obium tomentosum 
Magnoliopsidae Papilionaceae Hardenbergia comptoniana 
MagnoJi,..psidae Papilionaceae Kennedia pros/rata 
Liliopsiciae Phonniaceae Dione/la revoluta 
Liliopsidae Poaceae A urtroslipa j/avescens 
Liliopsidae Poaceae Neurachne alopecuroidea 
Magnoliopsidae Polygalaceae Comesperma integerrimum 
Magnoliopsidae Portulaceae Calandrinia /iniflora 
Magno\iopsidae Proteaceae Banksia af/enuata 
Magnoliopsidae Proteaceae Bonksia menziesii 
Magnoliopsidae Proteaceae Dryondra sessi/is 
Magnoliopsidae Proteaceae Grevilfea crithmi[o/ia 
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Table3.1 continued 
Order Family Speries 
Magnoliopsidae Ranunculaceae Clematis /inearifolia 
Liliopsidae Restionaceae Desmocladusjlexuosus 
Magnoliopsidae Rubiaceae Opercularia vaginata 
Magnoliopsidae Santalaceae Santalum acuminatum 
Magnoliopsidae Sapindaceae Diplopeltishuegelii 
Magnoliopsidae Solanaceae Anthocercis ilicifolia 
Cycadopsidae Zamiaceae Macrozamia fraserii 
Table 3.2 Weed species recorded in the December 2000 burn site in Bold Park. as recorded 
in October- December 2003. Species are organised by Family, with Order abo recorded. 
Order Family Species 
Liliopsidae Asparagaceae Asparagus asparogoides 
Magnoliopsidae Asteraceae Hypochaeris glabra 
Magnoliopsidae Asteraceae Lactuca saligna 
Magnoliopsidae Asteraceae Lactuca serriola 
Magnoliopsidae Asteraceae Sonchus asper 
Magnoliopsidae Asteraceae Urospermum picroides 
Magnoliopsidae Asteraceae Ursinia anthemoides 
Magnoliopsidae Brassicaceae He/iophila pus ilia 
Magnoliopsidae Caryophyllaceae Petrorhagia velutina 
Magnoliopsidae Crassulaceae Crassula glomera/a 
Magnoliopsidae Euphorbiaceae Euphorbia terracina 
Ma.gnoliopsidae Geraniaceae Pe/argonium capitatum 
Liliopsidae lridaceae Gladiolus caryophyl/aceus 
Magnoliopsidae Papilionaceae Trifolium campestre 
Magnoliopsidae Papilionaceae Vicia saliva 
Liliopsidae Poaceae Avenafatua 
Liliopsidae Poaceae Briza maxima 
Liliopsidae Poaceae Bromus diandrus 
Liliopsidae Poaceae Ehrharta calycina 
Liliopsidae Poaceae Lagurus ova/us 
Liliopsidae Poaceae Lolium rigidum 
Liliopsidae Poaceae Vufpia myuros 
Magnoliopsidae Primulaceae Anagaflis arvensis 
Magnoliopsidae Solanaceae Solanum niwum 
Mean native species_richness per quadrat was highest in the sprayed sites and was 
lowest in the unsprayed sites (Fig. 3.2). There was a significant difference in the 
mean native species richness per quadrat (P <0.05). This was due to a significant 
difference between the mean values of quadrats in the sites sprayed with 
Fusilade™, Aim™ and RoundupTM and the unsprayed sites (P <0.05) and the 
Aim™ and Roundup™ sprayed sites and the unsprayed sites (P <0.05). No 
difference was present between the two spraying regimes. 
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Mean weed species richness per quadrat was lowest in the unsprayed sites and 
was similar for both sprayed sites (Fig 3.2). There was a significant difference in 
mean species richness per quadrat (P <0.05). This was due to a significant 
difference between the mean values of quadrats in sites sprayed with Fusilade™, 
Aim™ and Roundup™ and the unsprayed sites (P <0.05) and the Aim and 
Roundup™ sprayed sites and the unsprayed sites (P < 0.05). There was no 
difference between the two spraying regimes. 
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Figure 3.2 Mean species richness(± S.E.) of native (shaded) and weed species (unsha.·:led) in 
three treatments within the 2000 burn site of Bold Park bushland. Sampling was conducted 
between October and December 2003. Means are generated from three sites per treatment 
with four quadrats per site. Different letters above error bars indicate a stalistically 
significant difference detennined using Fisher's PLSD post-hoc test. 
Mean percentage native species coverage per quadrat was highest and similar for 
both the sprayed sites and was lowest in the unsprayed sites (Fig. 3.3). There was 
a significant difference between percentage native cover (P <0.05). Ranking 
values indicate this was due to a significant difference in coverage between 
quadrats sprayed with Fusilade™, Aim™ and Roundup™ and unsprayed quadrats 
(mean rank 22.25 >mean rank 9.542) and Aim™ and RoundupTM sprayed ru]d 
unsprayed quadrats (mean rank 23.708 > mean rank 9.542). There was no 
difference between the quadrats in the two spraying treatments. 
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Mean percentage weed species coverage per quadrat was highest for the 
unsprayed sites and was lowest for the Fusilade™, Aim™ and Roundup™ 
sprayed sites (Fig. 3.3). There was a highly significant difference between 
treatments based on percentage weed cover (P < 0.00 I). This was due to a highly 
significant difference between quadrats sprayed with Fusilade™, AimTM and 
Roundup™ and the unsprayed quadrats (mean rank 6.542 <mean rank 26.292) 
and the Fusilade™, Aim™ and Roundup™ sprayed quadrats and the Aim™ and 
Roundup™ sprayed quadrats (mean rank 6.542 > mean rank 22.667). There was 
no difference between the unsprayed and the Aim™ and Roundup™ sprayed 
quadrats. 
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Figure 3.3 Mean percentage cover (::I:S.E.) of native (shaded) and weed (unshaded) species in 
quadrats surveyed in three treatments in the 2000 burn site of Bold Park bushland. 
Sampling was conducted between Oclober and December 20003. Means are generated from 
three sites per treatment wilh four quadrats per site. Different letters above error bars 
indicate a significant difference as determined in Kruskai-Wal!is test. 
Mean E. ca/yc:ina cover per quadrat was lowest in the FusiladeTM, Aim™ and 
Roundup™ sprayed sites and was similar in the AimTM and Roundup™ sprayed 
and the unsprayed sites (Fig. 3.4). There was a highly significant difference 
between treatments based on percentage cover of E. ca/ycina (P < 0.001). This 
was due to differences between quadrats sprayed with Fusilade TM, Aim and 
RoundupTM and the unsprayed quadrats (mean rank 6.5 <mean rank 23.792) and 
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the quadrats sprayed with Fusilade™, Aim™ and Roundup™ and those sprayed 
with Aim™ and Roundup™ (mean rank 6.5 < mean rank 25.208). There was no 
difference between the unsprayed and the Aim™ and Roundup™ sprayed 
quadrats. 
Mean P. capitatum cover per quadrat was highest in the unsprayed sites and was 
similar in both sprayed sites (Fig. 3.4). There was a highly significant difference 
between treatments based on percentage cover of P. capitatum (P < 0.001). This 
was due to differences between the quadrats sprayed with Fusilade™, Aim™ and 
Roundup™ and the unsprayed quadrats (mean rank .14.33 <mean rank 29.875) 
and the quadrats sprayed with Aim TM and Roundup TM and the unsprayed quadrats 
(mean rank 11.292 < mean rank 29.875). There was no difference between 
quadrats and the two spraying treatments. 
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Figure 3.4 Mean percentage cover (:I::S.E.) per quadrat of E. calycina (light shaded) and P. 
capitatum (dark shaded) in three treatment regimes in the 2000 burn site of Bold Park, as 
surveyed October-December 2003. Means are based on twelve quadt·ats per treatment. 
Different letters above error bars indicate a significant difference as determined using the 
Kruskai-Wallis test. 
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Native species community patterns 
The MDS ordination based on native species abundance shows a weak association 
between most of the quadrats with some clear outliers from each treatment (Fig. 
3.5). While there is a general tendency for most quadrats to be associated with 
other quadrats from the same site or treatment, there is no consistent closeness 
between any groups. The stress value of 0.2 indicates that the ordination strongly 
reflects the relation;;hip between the quadrats. 
Similarity within treatment groups based on native species abm1dances is lowest 
between the control sites at 40.72% and is highest between the Aim ™ and 
Roundup™ sprayed sites at 44.58% (Table 3.3). Species contributing to the· 
similarity in the control sites are Schoenus grandiflorus, Hardenbergia 
comptoniana and Acacia pulchella. Species contributing to the simiiarity in t.1.e 
Aim™ and Roundup™ sites areS. grandiflorus, A. pulche/la and H. comptoniana. 
Species contributing to the similarity in the Fusilade™, Aim™ and RoWidup™ 
sprayed sites are S. grandiflorus, Conostylis candicans and H. comptoniana. 
There is a highly significant difference between the native species communities 
determined by abundance at the between site (P < 0.001) and a significant 
difference at the between treatment level (P < 0.05) (Table 3.4). 
No 1.3 
No 1.1 
Aim 2.1 
No 3.4 
No3.3 
NO 1.4 
No 3~m 3.4 
Aim 2.3 Fu 3.4 
Fu 3.3 
Aim 1f11 ~ 2.4 Fu 1_2.. 
Aim 3.2 "FU 3·2 
No3.2 
Alm3.1 
No2.2 
Fu 1.3 
Fu 2.3 
No2.4 No2.3 Aim 2.2 
No 1.2 
Alm1.4 
Aim 1.3 
Fu 2.2 No 2.1 
Aim 3.j\lm 1.1 
Stress: 0.2 
Fu 2.4 
FU 2.1 
Fu 1.1 
FU 1.4 
Figure 3.5 MDS ordination based on native species abundances in quadrats surveyed in the 
2000 burn site of Bold Park bushland, October-November 2003. Ordination is based on 99 
permutations. The stress value or 0.2 indicates that t~e plot strongly represents the 
relationship between the quadrats. Key: Fu'= Fusilade™, Aim™ and Roundup™ treatment, 
Aim= Aim™ and RoundupTM treatment, No= no treatment. Numbers after !etters indicate 
site first and then quadrat (eg Fu l.I, Fusilade™, Aim™ and Roundup™ treated Site I, 
quadrat I). 
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Table 3.3 Species similarity based on native species abundances in sites surveyeU in the 2000 
burn site of Bold Pork, October-Decemb-er 20003 generated from SIMPER. Between sites 
analysis based on three sites per treatment. Within sites is based on four quadrats. 
Abbreviation in brackets is the same as the key for the MDS ordination. 
Herbicides Nil 
Factor Between sites Within sites 
Site1 (No 1) Site 2 (No 2) Site3 (No 3) 
Mean similarity% 40.72 37.23 49.66 44.94 
Herbicides Aim m & Roundup m 
Factor Between sites Within sites 
Site 1 (Aim 1) Site 2 (Aim 2) Site 3 (Aim 3) 
Mean similarity % 44.58 47.79 49.06 40.32 
Herbicides Fusiladem, Aim™ & Roundup™ 
Factor Between sites Within sites 
Site 1 (Fu 1) Site 2 (Fu 2) Site 3 (Fu 3) 
Mean similarity % 42.48 46.31 37.03 61.67 
Table 3.4 ANOSIM test results of abundance and percentage cover for native species in sites 
surveyed in Bold Park bushland, October-December 2003 and March 2004. Between sites 
and between treatments values ore from two-way nested ANOSIM. Comparisons between 
two sites arc derived from one-way ANOSIM and are used because of failure of pairwise 
tests to detect differences. 
Factor 
Global R 
Significance 
Factor 
Global R 
Significance 
Factor 
Global R 
Significance 
Factor 
Global R 
Slgnfflcance 
Factor 
GlobaiR 
Significance 
Abundance 
Between sites 
0.364 
<0.001 
Between treatments 
0.325 
<0.05 
Nil, Aim ™ & Roundup TN 
0.093 
Ns 
Nil, Fusilade™ etc 
0.292 
<0.001 
Percentage cover 
Between sites 
0.109 
<0.05 
Between treatments 
0.136 
ns 
Nil, Aimm & Roundup™ 
0.092 
<0.05 
Nil, Fusilade m etc 
0.106 
<0.001 
AimTM & Rounduplll, FusiladeTM etc AimTM & Roundup™, Fusilade™ etc 
0.206 0.05 
<0.001 ns 
The MDS ordination based on native species percentage cover shows a strong 
aggregation towards the centre of the plot with some clear outliers, mostly from 
the Fusilade™, Aim™ and RoundupTM sprayed quadrats (Figure 3.6). The stress 
value of 0.13 indicates that the ordination strongly represents the relationship 
between the quadrats. 
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Similarity within treatment groups based on native species percentage cover is 
lowest in FusiladeN, Aim™ and Roundup™ sites at 40.36% and is highest in the 
Aim™ and Roundup™ sprayed sites at 46.22% (Table 3.5). Species contributing 
to the similarity in the control sites are A. pulchella, H. comptoniana and S. 
grandiflorus. Species contributing to the similarity in the AimTM and RoundupTM 
sprayed sites are A. pulchella, H. comptoniana, M systena and C. candicans. 
Species contributing to the similarity in the Fusilade, Aim™ and RoundupTM 
sprayed sites are C. candicans, A. pulche/la, R comptoniana and S. grandiflorus. 
There is a significant difference between the native species communities 
determined by percentage cover at the between site (P < 0.05) but not at the 
between treatment level (fable 3.4). 
Fu 2.2 
No2.4 
Aim 1.1 
Fu 1.1 
Almf~1.4 Fu1.3 
Aim 2.1 
Fu 3.2 
Stress: 0.13 
Fu 3.3 
Fu 2.1 
Figure 3.6 MDS ordination based on native species percentage cover in quadrats surveyed in 
the 2000 burn site of Bold Park bushland, October-November 2003. Ordination is based on 
99 permutations. The stress value of 0.13 indicates that the ordination strongly reflects the 
relationships between the quadrats. Key; Fu= Fusilade™, Aim™ and Roundup™ treatment, 
Aim= AimTM and Roundup™ treatment, No= no treatment. Numbers after letters indicate 
:site first and then quadrat (eg Fu 1.1, FusiladeT111, Aim™ and Roundup™ treated Site I, 
q11adrat I). 
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Table 3.5 Species similarity based on native species percentage cover in siies surveyed in the 
2000 burn site of Bold Park, October-December 20003 generated from SIMPER. Between 
sites analysis is based on three sites ,cr treatment. Within sites is based on four quadrats. 
Abbreviation in brackets is the same as the key for the MDS ordination. 
Herbicides Nil 
Factor Between sites 
Mean similarity % 43.22 
Herbicides Aim'"" & Roundup m 
Factor Between sites 
Mean similarity % 46.22 
Within sites 
Site1 (No 1) 
41.50 
Within sites 
Site 1 (Aim 1) 
47.04 
Herbicides Fusilade m, Aim m & Roundup ™ 
Factor Between sites Within sites 
Site 1 (Fu 1) 
Mean similarity % 40.36 46.76 
Weed species community patterns 
Site2 (No2} 
46.16 
Site 2 (Aim 2) 
47.35 
Site 2 (Fu 2) 
33.6 
Site 3 (No 3) 
52.99 
Site 3 (Aim 3) 
46.61 
Site 3 (Fu 3) 
56.32 
The MDS ordination based on weed species abundances shows the Fusilade ™, 
Aim™ and Roundup™ sprayed quadrats all clearly to one side (Figure 3.7). The 
quadrats in this treatment group are loosely associated. The remaining quadrats 
are aggregated into four groups and one outlier. The groups show some degree of 
sorting by treatment or site. The stress value of0.16 indicates that the ordination 
strongly reflects the relationships between the quadrats. 
Similarity within treatment groups based on weed species abundance is lowest in 
the Fusilade™, Aim™ and Roundup™ sprayed sites at 44.01% and is highest in 
the control sites at 56.15% (Table 3.6). Species contributing to the similarity in 
the control sites are E. calycina, P. capitatum and Petrorhagia velutina. The 
species contributing to the similarity in the Aim™ and Roundup™ sprayed sites 
are E. calycina, P. capitatum, P. velutina and Trifolium campestre. Species 
contributing to the similarity in the Fusilade™, Aim™ and RoundupTM are P. 
velutina, E. calycina and Ursinia anthemoides. There is a highly significant 
difference between the weed species communities detennined by abundance at the 
between site (P < 0.001) and between treatment level (P < 0.001) (Table 3.7). 
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Figure 3.7 MDS ordination based on weed species abundance in quadrats surveyed In the 
:ZOOO burn site of Bold Park in October~December 2003, Ordination is based on 99 
permutations. The stress value of 0.16 htdicates that the plot strongly represents the 
relationships between the quadrats. Ke}': Fu= Fusilade™, AimTM and Roundup™ treatment, 
Aim= AimTM and RoundupTM treatment, No= no treatment. Numbers after letters Indicate 
site first and then quadrat (eg Fu 1.1, Fusilade™, Aim™ and Roundupn1 treated Site I, 
quadrat I). 
Table 3.6 Species similarity based on weed species abundances in sites surveyed in the 2000 
burn site of Bold Park, October~December 20003 generated from SIMPER. Between sites 
analysis based on three sites per treatment. Within sites is based on four quadrats. 
Abbreviation in brackets is the same as the key for the MDS ordination. 
Herbicides Nil 
Factor Between sites Within siles 
Site1 (No 1) Site 2 (No 2) Site 3 (No 3) 
Mean similarity % 56.15 67.28 65.90 66.13 
Herbicides Aimm & Roundupm 
Factor Between sites Within sites 
Site 1 (Aim 1) Site 2 (Aim 2) Site 3 (Aim 3) 
Mean similarity % 50.73 48.75 60.11 49.86 
Herbicides Fusilade ™, Aim TM & lloundup m 
Factor Between sites Within sites 
Site 1 (Fu 1) Site 2 (Fu 2) Site 3 (Fu 3) 
Mean similarity % 44.01 57.33 56.15 38.95 
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Table 3.7 ANOSIM test results of abundance and percentage cover fo; weed species in sites 
surveyed in Bold Park bushland, October-December 2003 and March 2004. Between sites 
and between treatments values are derived from a two-way nested ANOSIM. Comparisons 
between two sites are derived from one-way ANOSIM and are used becouse or railu1-e or 
pairwise tests to detect differences. 
Factor 
Global R 
Significance 
Factor 
Global R 
Significance 
Factor 
R 
Significance 
Factor 
R 
Significance 
Factor 
R 
Significance 
Abundance 
Between sites 
0.298 
<0.001 
Between treatments 
0.605 
<0.001 
Nil, Aimm & Roundup,., 
0.15 
< 0.05 
Nil, Fusilade m elc 
0.649 
< 0.001 
Perce:1tage cover 
Between sites 
0.276 
<0.001 
Between treatments 
0.835 
<0.001 
Nil, Aimm & Roundupm 
0.443 
< 0.001 
Nil, Fusilade TM etc 
0.883 
< 0.001 
AimTM & Roundupm, Fusilade etc AJmTM & RounduplM, FusiladelM etc 
0.564 0.74 
< 0.001 < 0.001 
The MDS ordination based on weed species percentage cover shows the 
Fusilade™, Aim™ and Roundup™ sprayed quadrats all tightly aggregated, 
except one outlier, on one side of the plot (Figure 3.8). The control quadrats are 
loosely aggregated in the bottom section of the plot, with the exception of some 
outliers. The Aim™ and Roundup™ sprayed quadrats are loosely aggregated in 
the top of the plot, with the exception of some outliers. The stress value of 0.09 
indicates that the ordination strongly reflects the relationships between the 
quadrats. 
Similarity within treatment groups based on weed species percentage cover is 
lowest in the Fusilade™, Aim™ and Roundup™ sprayed sites at 44.590/o and is 
highest in the control sites at 69.69% (Table 3.7). Species that are contributing to 
the similarity in the control sites are E. ca/ycina, P. capitatum. The species 
contributing to the similarity in the Aim™ and Roundup™ sprayed sites are E. 
calycina, P. capitatum. Species contributing to the similarity in the Fusilade™, 
Aim™ and Roundup™ sprayed sites are E. calycina, P. capitatum and P. 
velutina. There is a highly significant difference between the weed species 
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communities determined by abundance at the between site (P < 0.001) and 
between treatment level (P < 0.001) (Table 3.7). 
Fu 1.4 Aim 2.4 
Stress: 0.09 
Alm1.1 
No 3.1 Aim 1.3 
Aif\1\ilWJ.2 AI 2 3 Aim 1.2 Alrtl'[lil.4m · Aim 3.1 Aim 1.4 
No 2.4 
Alm~1.4 No 1.1 
No2.3 No 3.4 
No 2.1 
No IJIQ 3.'No 1.2 
No2.2 
No 1.3 
Figure 3.8 MDS ordination based on weed species percentage cover in quadrats surveyed in 
the 2000 burn sitfl of Bold Park bushland, October-November 2003, Ordination is based on 
99 permutations. The stress value of 0.09 indicates !hat the plot strongly represents the 
relationships between the quadrats. Key: Fu= Fu3ilade, Aim and Roundup treatment, Aim= 
Aim and Roundup treatment, No= no treatment. Numbers after letters indicate site first and 
then quadrat (eg Fu 1.1, Fusilade, Aim and Roundup treated Site I, quadrat 1). 
Table 3.8 Species similarity based on weed species percentage cover in sites surveyed in the 
2000 burn site of Bold Park, October-December 20003 generated from SIMPER. Between 
sites analysis based on three sites per treatment. Within sites is based on four quadrats. 
Abbreviation in brackets is the same as the key for the MDS ordination. 
Herbicides Nil 
Factor Between sites Within sites 
Site1 (No 1) Site 2 (No 2) Site 3 (No 3) 
Mean similarity% 69.69 75.37 70.55 73.02 
Herbicides Aim & Roundup 
Factor Between sites Within sites 
Site 1 (Aim 1 ) Site 2 (Aim 2) Site 3 (Aim 3) 
Mean similarity % 60.03 71.41 60.70 63.91 
Herbicides Fusilade, Aim & Roundup 
Factor Between sites Within sites 
Site 1 (Fu 1) Site,;;,: (Fu 2) Site 3 (Fu 3) 
Mean similarity % 44.59 56.22 45.28 59.61 
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3.3.2 Recruitment 
A total of23 species from 20 families were observed to have recruits in the survey 
area. The most frequently observed recruits were from the species R 
comptoniana, with 69 observations in eight sites and all treatments (Table 3.9). 
Only three species had recruits in more than four sites, A. pulchella (6}, H. 
comptoniana (8) and Macrozamiafraserii (5). 
Of the original 23 species with recruits, only 16 species had at least one seedling 
that had survived the summer (Table 3. 10). The highest per site survival rates 
weie observed for R comptoniana (seven sites, three treatments), M.fraserii (five 
sites, three treatments) and Ozothamnus cordatus and C. candicans, with 
survivors in four sites (Table 3.10). 
Mean species richness of recruits per site was highest in the sites receiving 
treatment with Fusilade, Aim n. and Roundup .... and was lowest in the unsprayed 
sites (Fig 3.9). There was a significant difference between treatments based on 
richness of recruits (P < 0.05). This was due to significant differences in richness 
between sites sprayed with FusiladeTM, Aim™ and Roundup™ and the unsprayed 
sites (P < 0.05) and the Aim™ and RoundupTM sprayed sites and the unsprayed 
sites (P < 0.05). There was no difference between sites in the two spraying 
regimes. 
Mean species richness of surviving recruits was highest in the sites sprayed with 
Fusilade™, Aim™ and Roundup™ and was lowest in the control sites (Fig. 3.8). 
There was a significant difference between treatments based on species richness 
of surviving recruits (P < 0.05). This was due to significant differences in richness 
between sites sprayed with Fusilade™, Aim™ and RoundupTM and the unsprayed 
sites (P < 0.05) and sites sprayed with Aim™ and Roundup™ and the unsprayed 
sites (P <0.05). There was no difference between sites in the two spraying 
regimes. 
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Table 3.9 Number of recruits per species the 2000 burn site of Bold Park in individual sites 
in three treatments as surveyed between October and December 2003. Total number of 
recruits per species, total number of species recruited per site and total number of recruits 
per site is shown. 
Treatment 
Nil Aim m & RounduP Fusilade Aim & Roundurr 
No1 No2 No3 lmf Aim2 Aim3 ,,1 
'"' 
,,3 
Species Total 
Acaclalasiocarpa 2 2 
Acacia pu/che//a 1 2 1 5 4 1 14 
Acanthocarpus proissi/ 1 2 1 4 
Al/ocasuarina humilis 1 1 
Banks/a attenuata 1 3 1 5 
Banksia manz/esii 1 1 2 
Chama/aucium 
uncinatum 1 1 
C/oma6s /infNlrifo/18 1 1 
Conosty/is candicans 1 4 1 4 10 
Dryandra sess/1/s 1 1 5 1 8 
Eucalyptus 
gomphacephala 1 1 
Grovi/lea crithmifo/ia 1 1 
Hardanbe/T}ia 
compton/ana 9 12 7 1 4 14 10 12 69 
Kennadia pros/rata 1 1 
Lomandra maritima 1 1 2 
Macrozamia fraserii 4 2 1 4 2 13 
Mala/auca systana 1 1 
Ozolhamnus cordatus 2 1 3 4 10 
Rhagod/a baccata 1 1 
Santalum acuminatum 5 1 1 7 
Scaavo/a anchusifo/ia 1 2 1 4 
Schoanus grandiflorus 1 2 2 1 6 
Thvsanotus aranarius 3 3 
Recruits per site 2 11 20 19 14 12 34 26 29 
SDecies per sHe 2 3 6 6 8 8 8 10 9 
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Table 3.10 Number of survivors per species the 2000 bum site of Bold Park in individual 
sites in three treatments as surveyed between October and December 2003. Total number of 
survivors per species, total number of species with survivors per site and total number of 
survivors per site Is shown. 
Treatment 
Nil ~. Aim Roundup·· Fusila e Am Roundup·· 
ro1 No2 No3 Aim1 Aim2 Aim3 
'"' '"' '"' 
·-· 
Total 
Acacia /Bsiocsrps 0 0 
Acacia pulchella I 0 0 2 2 0 5 
Acanthocarpus preissii I 2 I 4 
AJ/ocasuarina humifis I I 
Banksia attanuata 0 0 0 0 
Banksla menzi&sii 0 0 0 
Chamalaucium 
uncinatum I I 
Clamatis 1/neBiifolia 0 0 
Conostylis candicans I 3 I 4 9 
Dryandra sessi/is I I 5 I 8 
Eucalyptus 
gomphocephala 0 
Grevi/laa crtthmifolia I I 
Hardenbergia 
comptoniana 2 4 I 0 I 9 3 2 22 
Kennedia prostrata 0 0 
Lomandta maritima I I 2 
Macrozamia fraseri/ 4 2 I 4 2 13 
Melaleuca systena I I 
Ozothamnus rordatus 2 2 I 2 7 
Rhagodia baccata I I 
Santalum acuminatum 2 0 2 
Scaevo/a anchusifolla 0 0 0 0 
Schoenus grandifforus I 2 2 I 6 
T1l sanolus aranarius I I 
Recruits per site 2 2 11 13 9 5 20 11 11 
Species per site 2 I 5 6 6 5 5 7 6 
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Figure 3.9 Mean species richness (±S.E.) of recruits (light shaded) and surviving recruits 
(dark shaded) per site in three treatments within the 2000 burn site of Bold Park. 
Recruitment was scored between October and December, 2003 and survival was scored at 
the end of Mar·ch. Means are derived from three sites per treatment. Different letters above 
standard error bars indicate a significant difference as determined using Fisher's PLSD post 
hoc test. There is no standard error for the richness of recruits in the Aim™ and RoundupTM 
sprayed sites 
Mean abundance of recruits per site was highest for the Fusilade ™, Aim TM and 
Roundup™ sprayed sites and was lowest for the control sites (Fig. 3.10). There 
was a significant difference between treatments based on abundance of recruits (P 
< 0.05). This was due to a difference between each treatment combination (P < 
0.05). 
Mean abundance of surviving recruits was per sites was highest in the Fusilade™, 
Aim™ and Roundup™ sprayed sites and was lowest in the unsprayed sites (Fig. 
3.1 0). There was not a significant difference between treatments based on survival 
of recruits. 
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Figure 3.10 Mean abundance (±S.E.) of native species recruits (light shaded) and survivors 
(dark shaded) per site in three treatments in the 2000 burn site of Bold Park. Recruitment 
was surveyed from October to December 2003 and survival was scored at the end of March 
2004. Means are derived from three sites per treatment. Different letters above e.-ror bars 
indicate significant differences as determined using Fisher's PLSD post-hoc tests. 
3.4 DISCUSSION 
It was hypothesised that post-fire weed control activities in the December 2000 
burn site of Bold Park would result in reduced weed species richness, abundance 
and cover and an increase in native species richness, abundance and cover. This 
hypothesis has been supported, with many of these variables showing highly 
significant differences. It was also hypothesised that effective weed control 
activities would also lead to reductions in the population sizes of targeted weed 
species. This hypothesis has been supported, with highly significant differences 
between groups based on weed treatments. The final hypothesis was that 
recruitment would be higher in areas with weed control. As with the other two 
hypotheses, this has been supported, with significant differences based on 
treatments. These results indicate that post-fire weed management has been 
effective in the December 2000 burn site of Bold Park. 
Species richness shows the total number of species within a defined area. 
Disturbance by fire and weed invasion are linked to reductions in species richness. 
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For example, higher intensity fires are associated with reduced species riclmess 
Banksia woodland and Tuart forest in the south-west of Western Australia 
(Bridgewater & BackshaH, 1981). However, it should be noted that species 
richness in the woodlands and bushlands of the south~west of Western Australia 
are variable, ranging from 33-41 species in tuart forests at Ludlow (Piggott, 1988) 
to 73 species at Star Swamp (Watson & Bell, 1981) and 75 species in Banksia 
woodlands at Jandak.ot (Milewski & Davidge, 1981 ). These values all reflect the 
unique disturbance and formative histories of these sites. This is also the case in 
Bold Park. 
Within Bold Park, there are a total of 298 native and 207 weed species (BGPA, 
2000). In the Banksia woodlands and tuart woodlands of Bold Park, richness 
values are approximately 43 and 38 species respectively (Keighery eta/., 1990). 
The species richness of 75 species recorded in this research compares favourably 
with the other fmdings from within Bold Park and other woodlands. These results 
suggest that the richness of the December 2000 burn site is not significantly 
different from other similar vegetation communities. However, these broad results 
do not indicate underlying changes in response to weed control. 
The first and most obvious effects of the use of herbicides can be seen at the 
species richness level, where sites sprayed with herbicides have higher richness of 
native species and unsprayed sites have a lower richness of native species (Fig 
3.2). Post-fire native species richness in other woodlands areas ranges from 30-50 
species per 100m2 plot depending on intensity of bum (Bridgewater & Backshall, 
1981 ). In unburnt tuart forest, native species richness can be as low as 14 species 
per 11161h of a hectare (Piggott, 1988). Species richness in heathland at 
Badgingarra, located north of Perth, was in the range of 34-38 species per 50m2 
located on a sand substrate (Bell & Loneragan, 1985). Native species richness in 
Bold Park was in the range of 11-19 species per 50m2• which is encouraging given 
the extensive disturbance history of the park. 
The effectiveness of weed control can also be measured in tenns of weed species 
richness. The richness of weed species in bushland areas frequently increases after 
fire events (Hopkins & Griffin, 1989; Milberg & Lamont, 1995; Kirkpatrick, 
1996). In this instance, weed control measures have actually led to increases 
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weed species richness. This may be due to effective weed control creating more 
area for exploitation. Overall, the use of either herbicide regime employed by the 
management team of Bold Park produces similar levels of species richness, both 
for weed species and for native species. 
IJerbicide use also appears to be effective at reducing the level of weed coverage 
within the 2000 bum site. A clear trend towards reduced mean percentage cover is 
present with herbicide use. In this instance, the use of both a grass selective 
herbicide and a broadleaf herbicide does have a significant effect on the level of 
weed cover. While no treatment regime has resulted in low levels of percentage 
native species cover, the use of broadleaf herbicides compared to a grass selective 
and broad leaf herbicide combination does not have appear to affect native species 
cover. The most significant difference is between the unsprayed sites and the 
FusiladerM, Aim™ and Roundup™ sprayed sites. These differences are crucia1 in 
the context of weed control, because they provide clear evidence that the 
investment in funds is being met a clear return. 
The effects of the herbicides could be seen in the relative similarity between sites 
within the different treatment areas. The general trend was for the same group of 
species to be influencing similarity at the site and treatment level. The results 
obtained in this research indicate that there is core of native species that are 
responsible for similarity between sites. Prominent amongst these are 
Hardenbergia comptoniana, Acacia pulchel/a, Conostylis candicans and several 
members of the family Cyperaceae. The species that are dominant in the native 
vegetation and the levels of similarity recorded in this survey are consistent with 
previous work in the Banksia woodlands of Bold Park (Keighery et a/., 1990). 
While the same suite of species was found across almost all sites, the less 
abundant and less dominant species showed little uniformity in their distributions. 
Whether this was a reflection of the distribution patterns of these species or the 
effects of the disturbance within Bold Park was beyond the scope of this research. 
The patterns of understorey composition recorded in post-fire environments are 
the product of the temporal distance between the fire and the vegetation sunrey. 
Different types of plants emerge and dominate the community in relation to time 
(Baird, 1977). Initially, monocotyledons emerge, hut within a few years, the shrub 
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stratum will be more dominant (Baird, 1977). This type of pattern has been in part 
observed in Bold Park, with A. pu/chella dominating the shrub stratum. However, 
the importance of the subshrub stratum should not be ignored in this work. The 
dominant species in the 2000 bum site by richness, abundance and cover are the 
clonal monocotyledons, such as C. candicans and Schoenus grandiflorus. These 
species are dominating, mainly as a consequence of clonal expansion. This tends 
to produce a clumped distribution where these species occur. Although, the 
distribution is clumped, the impact of these species is widespread. 
The group of native species most conspicuous by their absence are annual and 
geophytes. With the exception of a few Micro/is media (Orchidaceae) and Lobelia 
tenuior (Lobeliaceae), this group was entirely absent from the native flora of tfie 
2000 burn site in Bold Park. The same pattern was not revealed for weed species, 
where there were eight species of annual geophytes, all from the family 
Asteraceae. While the time of the time of vegetation sampling will impact on the 
presence of annuals (Armesto & Pickett, 1985; Gioia & Piggott, 2000), these 
results may indicate that this group of native species is being eliminated by weed 
invasion. Annual weeds are the most abundant weed life form in Banksia 
woodlands of the Swan Coastal Plain (Keighery, 1989). Some of these species 
recorded in Bold Park, such as Hypochaeris glabra (Asteraceae) and Ursinia 
anthemoides (Asteraceae) are widely recorded invasive annual weed species of 
woodland remnants of Western Australia (Keighery eta/., 1990; Hobbs & Atkins, 
1991; Piggott & Sage, 1997). 
One of the most significant changes to occur as a response to herbicide use is the 
type of weed that is found in the different sites. In the sites receiving treatment 
with the herbicides Aim™ and Roundup™, the number of weedy grass species 
increase in richness, abundance and cover. This effect is offset by a reduction in 
herbaceous weeds. In the sites receiving treatment with Fusilade™, AimTM and 
Roundup™, the weedy grass species are replaced by weedy annual herbs. The 
main family represented in these sites by richness is Asteraceae. The tendency for 
herbaceous species to invade areas after treatment with Fusilade™ has been 
recorded in other bushland and agricultural areas (Panetta & Groves, 1990). 
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The presence of a high coverage of annual weed species represents an underlying 
threat to the integrity of the bushland in the 2000 burn site. Annual weed species 
in high abundances have been observed to reduce the regeneration of native 
perennials in remnants (Hobbs & Atkins, 1991 ). However, the threat posed by 
those species needs to taken relative to the dominant weed species, which by their 
volume are most likely having the greatest effects on recruitment. This hypothesis 
is largely borne out by the recruitment results obtained in this work. 
One of the clearest indicators of the benefits of weed control in the post-fire 
environment is recruitment. The differences between the levels of recruitment 
observed in this survey are significant. High levels of w~.~ed cover were clearly 
associated with reduced levels of recruitment, reduced ::l~J~<.:ies riclmess of recruits 
and reduced survival of recruits. The trend towards reduced recruitment in relation 
to high levels of weed invasion is well known and one of the key arguments for 
ongoing weed control (Hussey et a/., I IJ97; Csurhes & Edwards, 1998). The 
results in this work suggest that the ongoing effects of the weed invasion in the 
unsprayed areas of Bold Park will become more pronounced over time. 
Recruitment is an important indicator of ecosystem health. While vegetation 
surveys are indicators of ecosystem status, they provide limited feedback on 
ecosystem processes. Recruitment, however, is an ecosystem process. It is the 
product of seed presence, availability of germination cues and the presence of 
niches for new seedlings to occupy. 
The patterns in recruitment support the argument that weed invasions have the 
capacity to reduce native species diversity. The reduced diversity of native 
species' recruits observed in the 2000 burn site not receiving weed control, at less 
than half that of either of the two treatment, when combined with increased 
recruitment of weed species has the potential over time to reduce the integrity of 
the vegetation community. The clear differences observed in the vegetation and 
recruitment surveys highlights the need for post fire management to focus on the 
reduction in cover of weed species. 
The recruitment results must also be taken in the context of the reduction of post-
fire germination effects. Germination of seeds with fire related germination cues 
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will be highest in the season immediately following the fire. For example, some 
Grevillea spp (Proteaceae) have high levels of germination following fires but this 
quickly diminished (Kenny, 2000). Resprouters will start to produce seeds the 
season after the fire, so recruitment by seedling of these species could be expected 
(Naveh, 1973). The major recruitment flourish would occur immediately after the 
fire (Pate et a/., 1990). 
Vegetation communities that are invaded by weed species ultimately come to 
show some form of community level change (Groves, 1991). This can be the loss 
of a single species through to the loss many species. Similarly, weed invasion may 
lead to structural changes through the loss of a specific lifefonn, such as annual 
herbs or canopy species. The extent of weed impacts is affected by the duration of 
invasion, the volume of invading species and the susceptibility of the vegetation 
to invasion. The effects of invasion can also be magnified by disturbance events 
such as fire. 
While fire is the proximal disturbance event in ta'!e December 200 burn site, it is 
important to consider the management of this area in the context of other 
disturbances, such as grazing by rabbits and the creation of new tracks through the 
bush. These effects serve to magnifY the effects of fire (Hobbs, 2003). Overall, the 
use of herbicides is producing significant differences in almost every variable 
measured. These results provide convincing evidence of the benefits of weed 
control. 
3. 5 CONCLUSIONS 
The main conclusions to be drawn from this chapter are: 
1. The lowest numbers of native species are found in the absence of any fonn of 
post-fire weed management; 
2. Using a combination of grass-specific and non-selective broadleaf herbicides 
leads to higher levels of native species cover and lower levels of weed cover; 
4. Recruitment is patchy, generally low in volume and is dominated by a small 
suite of species; and 
5. Survival of recruits is lowest in those areas that are not receiving any fonn of 
weed control. 
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CHAPTER FOUR 
GERMINATION ECOLOGY OF PRIORITY WEED SPECIES 
OF BOLD PARK 
4.11NTRODUCTION 
Invasiveness refers to the ability of weed species to increase the area in which 
they can be found (Crawley, 1986; Lonsdale, 1999; Randall, 2000; Richardson et 
a/., 2000). Highly invasive weeds are those that produce large numbers of 
immediately gerrninable seed, are dispersed over large areas and have high rates 
ofrecruibnent (Kitching, 1986; Higgins eta/., 1996; Rejmanek, 2000; Richardson 
et al., 2000). With this in mind, understanding the germination ecology of weed 
species can enable researchers and managers to predict and control weed 
invasions (Smith eta/., 1999; Grundy, 2003). The importance of having 
information on the germination ecology of invasive species is relevant in the 
organization of resources to control any emerging populations, especially in tenns 
of the timing of control measures (Benech-Amold & Sanchez, 1995). 
An understanding of the viability, presence or absence of dormancy mechanisms 
and the gennination rates and levels for weed species can indicate the capacity for 
a species to be invasive or may explain why a species is invasive (Perez-
Femandez et a/., 2002). It is a tool that can be predictive, especially when 
combined with seed production data or it can be reflective, explaining why a 
species is successful as an invader. Seed ecology studies can also inform 
managers about how disturbance events will affect selected species. For example, 
a species may have a fire germination cue, in which case it will potentially benefit 
from fire events. Alternatively, the species' seeds may be found to have a negative 
association with the disturbance, in which instance fire may be- a management 
tool. 
A viable seed is one that is capable of germinating (Baskin & Baskin, 2001). This 
implies that a seed has a fully developed embryo and appropriate amount of 
endosperm. Viability measurements indicate the absolute maximum potential 
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germination of the seeds. Weeds that produce a high percentage of viable seeds 
per reproductive event have the potential to be highly invasive. 
Dormancy mechanisms enable seeds to persist through unfavourable 
environmental conditions until conditions suitable for germination are present 
(Fenner, 1985; Venable & Brown, 1988; Smith & Berjah, 1995; Baskin & Baskin, 
2001). Dormancy mechanisms can be associated with the seed coat (coat~imposed 
dormancy) or with the embryo (embryo dormancy) (Mort & Groves, 1981; 
Bewley & Black, 1994). Embryo, or physiological, dormancy is found in seeds 
where some fonn of germination inhibitor, typically a hormone, is present in the 
embryo (Mott & Groves, 1981; Bewley & Black, 1994; Baskin & Baskin, 2001). 
A seed coat-imposed, or physical, dormancy is found in seeds where the seed coat 
creates a mechanical barrier to germination (Matt & Groves, 1981; Bewley & 
Black, 1994; Baskin & Baskin, 2001 ). A primary dormancy mechanism is found 
in seeds that are dispersed in an already dormant state, in contrast to induced or 
secondary dormancy that occurs as a result of some external factors in mature, 
typically non-dormant seeds (Mort & Groves, 1981; Bewley & Black, 1994). 
Dormancy mechanisms may also contribute to persistence in the soil (Amor & 
Piggin, 1977), although there is some contention on this issue (Thompson et al., 
2003). 
The presence of dormancy mechanisms can be assessed by measuring imbibition, 
which is the uptake of water by seeds (Bradford, 1995). Imbibition data indicates 
whether seeds have a physical dormancy mechanism (i.e. don't absorb water) and 
may indicate whether aged seed is still viable(Bradford, 1995; Baskin & Baskin, 
2001). It is possible that seeds can imbibe and not germinate because of an 
internal dormancy or a dead or damaged embryo. Where a dormancy mechanism 
is not detected, measurement of germination can commence. Where a dormancy 
mechanism is detected, investigations need to be undertaken to evaluate methods 
of breaking the dormancy. This can be achieved by exposing the seeds to some 
type of external factor that can overcome the dormancy(Baskin & Baskin, 200 I). 
For example, where a physical dormancy such as a hard seed coat is present, 
boiling the seed~ for a specified length of time may overcome the dormancy by 
breaking the seed coat (Giossop, 1980; 'Jell, 1988). Where the dormancy is 
endogenous, such as a honnonal block to gennination within the embryo, the use 
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of hormones such as gibberillic acid can be used (Mott & Groves, 1981; Baskin & 
Baskin, 2001). The effects of dormancy breaking treatments can be measured by 
the use of imbibition tests (Bradford, 1995). Comparing the results of treated with 
non-treated seeds can indicate whether the dormancy has been overcome. 
Once the viability and potential dormancy mechanisms have been detected, 
germination trials can commence. Germination in the context of germination 
ecology refers to the cessation of dormancy in the seed (Bradford, 1995). This 
may be in response to some environmental cue such as temperature, light or 
humidity or simply by water becoming available (Mott & Groves, 1981; Fisher, 
1999; Baskin & Baskin, 2001). A range of tests can be employed to determine 
whether germination is progressing, such as measuring hormonal changes within 
the seed (Baskin & Baskin, 2001). However, one of the simplest measures is 
based on the emergence of either the radicle or coleorhiza the easiest to measure. 
Germination testing can be used to measure the rate (time taken for emergence), 
!eve! (actual number of seeds germinated) or both for selected species. 
Within Bold Park bushland, weed species of concern include Ehrharta calycina 
(Poaceae), Pelargonium capitatum (Geraniaceae) and Euphorbia terracina 
(Euphorbiaceae) (BGPA, 2000). To facilita~~ !! better understanding of the 
invasive capacity of these species, their germination ecology was studied. Specific 
objectives in relation to these species are seed viability, dormancy mechanisms, 
the means to overcome dormancy mechanisms and the gennination rate and level 
of these species. It was hypothesised that the seeds from these weeds would have 
high levels of viability. It was further hypothesised that where dormancy 
mechanisms existed in these species, they would be easily overcome. Finally, it 
was hypothesised that the seeds of these weeds would have high rates and levels 
of seed germination. 
4.2METHODS 
4.1.1 Seed collection 
E. calycina seed collection 
Fresh E. calycina seeds were collected from the various locations in Bold Park in 
November and December of2003. Year old E. calycina seeds were collected from 
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various locations within Bold Park in October and November of 2002. The fresh 
and one year old seeds were sealed in an aluminium foil bag and were stored at 
8°C. Nine-year-old seeds were cotlected from various locations within Bold Park 
between September and November of 1994. These seeds were stored in paper 
bags at room temperature. 
E. terracina seed collection 
Fresh seeds were collected between late December 2003 and early January 2004. 
One year old seeds were collected in November of 2002. To collect the seeds, 
infructescences were removed from plants and air dried on steel trays in the 
Ecology Laboratory located within Kings Park, Western Australia. As the 
infructescences dried, fruits opened and seeds were released. The infructescences 
were dried until no more fruits appeared to be opening. Seeds were sorted from 
the frass in a seed thresher prior to hand sorting to remove non-viable seed. Fresh 
and one year old seeds were stored in a glass jar at room temperature. 
P. capitalum seed collection 
Fresh P. capitatum fruits were collected from plants located throughout Bold Park 
in November of 2003. Nine-year-old fruits were collected from various locations 
within Bold Park between September and November 1994. Nine-year-old fruits 
were stored in paper bags at room temperature. Prior to imbibition and 
germination testing, seeds were removed from their fruits. 
4.2.2 Seed viability testing 
Seed viability of E. terracina and P. capilatum seeds was determined by cut 
seeds. Viability of E. calycina was based on the presence of a fully developed 
grain within the palea and lemma. One hundred seeds each of fresh, one year and 
nine year old E. ca/ycina, fresh and one year old E. terracina and fresh and nine 
year old P. capilatum were tested. 
4.2.3 Seed imbibition 
Seed imbibition trials were conducted to measure water Uj)take of the se~J!: of 
these weed species with the aim of detennining whether a physical dormanc.y was 
in place in any of these species. Imbibition trials were conducted using wetted 
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germination paper placed in petri dishes. Seeds were weighed when dry and were 
then placed on the wetted paper, before being removed and patted dry. Seeds were 
then weighed and recorded as weight at time zero. Tills process was repeated then 
at one, two, four, eight and 24 hours and every 24 hours thereafter up to 96 hours 
or when germination occurred. 
Imbibition trials were conducted on fresh, one year and nine year old E. calycina 
seeds, with and without palea and lemma attached, fresh and one year old E. 
terracina seeds, fresh with heat shock, and fresh and nine year old P. capitatum 
seeds, with and without heat shock. The heat shock treatment consisted of soaking 
the seeds in boiling water for two minutes at time zero. Five replicates of20 seeds 
were used for each seed batch and treatment group. 
4.2.4 Seed germinability 
Seed germinability trials were conducted for all of the seed combinations 
described previously. Seeds were initially surface sterilised in a 1% CaHCl 
solution for fifteen minutes, rinsed in sterilised reverse osmosis (RO) H20 for ten 
minutes three times, giving a total of thirty minutes of rinsing. After rinsing, seeds 
were plated out using sterile technique onto sterile 7% Agar/RO H20 media in 
gamma irradiated, sterilised petri dishes. The plated seeds were then randomly 
divided into light and dark treatments. The light treatment petri dishes were 
wrapped in glad wrap while the dark treatment petri dishes were wrapped in 
aluminium foil. The seeds were incubated in a fridge with 24 hour light and a 
mean temperature of l8°C. 
Germinants were scored every day, Monday to Friday. A seed was scored as 
germinated when the radicle or coleorhiza had emerged. Scoring continued for 
one week after the last emergence (except in 100% germination) to ensure that all 
germination had ceased. Five replicates of 20 seeds per replicate were used per 
treatment, giving 100 seeds for each seed and treatment combination. 
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4.2.5 Seed tretJtment trials 
Gibberiliic acid 
Seeds of fresh E. lerracina were soaked in a 1:100 gibberellic acid (GA)/H20 
solution for 24 hours to determine if dormancy traits exhibite<i by these seeds 
were related to iller-ripening. Methods for plating out the seeds after gibberellic 
acid treatment were as in 4.2.4. Five replicates of 20 seeds wei!'e used in both the 
light and dark incubation, giving a total of200 seeds. 
Heat shock 
Seeds of fresh and nine year old P. capitatum were exposed to boiling water to 
determine if seed dormancy in this species was physical. Seeds were surface 
sterilised and rinsed before being exposed to boiling water for two minutes. Seeds 
were plated out as per the methods in 4.2.4. Five replicates of20 seeds were used 
in both light and dark incubation for each age group, giving a total of 400 seeds. 
Removal of pale a and lemma from E. calycina seeds 
Trials were conducted to determine whether the palea and lemma of E. ca/ycina 
seeds acted as a form of mechanical dormancy. Seeds of fresh, one and nine year 
old seed had their palea and lemma removed prior to the commencement of 
germination trials. Seeds were plated out as per the methods in 4.2.4. Five 
replicates of 20 seeds were used in both light and dark incubation for each age 
group, giving a total of 600 seeds. 
4.2.6 Data analysis 
Seed viability results were converted to percentages, averaged for each seed lot 
and treatment and then graphed. Seed imbibition data was converted to mean 
percentages of dry weight and graphed. Seed germination data was recorded as 
mean cumulative percentage germination over time. Maximum germination 
values, as percentages, were arcsine transformed to better meet assumptions of 
normality and homogeneity of variance before performing a one-way Analysis of 
Variance (ANOVA), comparing all age and treatment effects. Fisher's PLSD 
post-hoc test was used to determine where treatment or age effects were. 
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4.3 RESULTS 
4.3.1 E. calycina 
The viability of E. calycina seeds was 98% for fresh seeds, 96% for one year old 
seeds and 92% for nine year old seeds 
Mean imbibition values as a percentage of dry weight of seeds were highest for 
one year old E. calycina seeds with paleas and lemmas attached (Fig. 4.1b) and 
were lowest for fresh E. calycina seed without palea and lemma (Fig. 4.1a). The 
presence or absence of the palea and lemma did not result in a difference in 
imbibition rates in fresh seeds, but did in the one year old and nine year old seeds 
(Fig. 4.1 c). The presence of the palea and lemma on the one year old and nine 
year old E. calycina seeds resulted in a higher percentage water uptake. 
Fresh E. calycina seeds with their palea and lemma attached commenced 
genninating at around seven days post sowing, under dark and light incubation 
(Fig. 4.2a). Mean gennination rates per day are slightly higher in E. ca/ycina 
seeds with palea and lemma in dark conditions, but a high level of variance in 
both the light and dark treatments reduced any significance. Gennination ceased 
in all replicates of fresh E. calycina seeds with their palea and lemma attached 
after 18 days (dark) and 21 days (light). 
Removal of the palea and lemma from fresh E. calycina seeds affected the rate 
and level of germination and reduced the effects of light and dark incubation. 
Germination of fresh E. ca/ycina without palea and lemma commenced at day 
three after sowing (Fig. 4.2a). Seeds incubated in the dark reached peak 
germination levels sooner than seeds in light conditions but this effect was 
negated by the time germination ceased. Fresh E. calycina seeds without palea 
and lemma ceased genninating after 15 days. 
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Figure 4.1 Mean imbibition •·ates (±S.E.) as a percentage of dry weight of seeds for (a) fresh, 
(b) one year old and (c) and nine year old E. ca/ycina seeds from Bold Park. Seeds were 
tested with and without palea and lemma attached. Results are means of five replicates of 20 
seeds. 
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One year old E. ca/ycina seeds with palea an.d lemma attached commenced 
germinating at day four, in light and dark incubation (Fig. 4.2b). Mean daily 
germination rates were higher for fresh E. ca/ycina seeds with pale and lemma 
incubated in the J.ark, although there was a high level of variance in both 
incubation conditions. Gem1ination of one year old E. ca/ycina seeds with pale 
and lemma ceased for both light and dark incubation at 21 days. 
Removal of the palea and lemma from one year old E. ca/ycina seeds affected the 
rate and level of germination, in light and dark incubation (Fig. 42b). ·Mean daily 
germination rates were almost identical for one year old E. calycina seeds without 
palea and lemma. Both light and dark incubated seeds reached germination peaks 
at the same time and ceased germination after seven days. 
No germination of nine year old seeds was recorded, irrespective of the presence 
or absence of palea and lemma and the germination conditions. There was a 
statistically significant difference between mean final cumulative germination 
percentages of E. calycina (P < 0.001). The interactions between different 
treatments, ages and incubation conditions for germination of E. calycina seeds 
are presented in Table 4.1. 
Table 4.1 Interactions between different treatments, ages and incubation conditions or E. 
calyclna seeds germinated on water agar at l8°C. Values were obtained from Fisher's PLSD 
ost~hoc tests. The abbreviation ns indicates no sh~nificant difference. 
Fresh seeds One year old seeds 
Palea and lemma No oalea and lemma Palea and lemma No oalea and lemma 
Fresh seeds r ht 
''"' '""' ''"' '""' ''"' 
J.Johl 
Palea and lemma light 
'"' "' No palea and lemma light < 0.05 <0.05 
"" 
<0.05 <0.05 
"' 
One year old seeds 
Palea and lemma light 
" " "' 
<0.05 
"' " 
<0.05 
" " " No pale a and lemma_ ~~hi < 0.001 < 0.001 
"' "' 
<0.05 <0.05 
81.~ <0.05 <0.05 
" " 
<0.05 
"' 
N• 
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Figure 4.2 Mean cumulative germination percentages(~ S.E.) for (a) fresh and (b) one year 
old E. ca/ycina seeds, with and without palea and lemma. Seeds were incubated in light and 
dark conditions at 18"C. Light incubation involved 24 hours of light per day; dark 
incubation involved 24 hours of darkness per day. Means are based on daily germination 
scores oUive replicates of20 seeds. 
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4.3.1 E. terracina 
The viability of E. terracina seeds was 87% for fresh seeds and 93% for one year 
old seeds. 
Mean imbibition values as a percentage of dry weight of seeds were highest for 
one year old E. terracina seeds and y·~re significantly lower, and almost identical, 
for fresh E. terracina seeds, with and without heat shock treatment (Fig 4.3). One 
hundred percent germination of one year old seeds was observed after 48 hours 
compared with no germination in fresh seed. 
60 
so 
10 
0 
0 24 
Time (brs) 
~fresh 
-8-- fresh heat shock 
-fr-year old 
48 
Figure 4.3 Mean imbibition rates (±S.E.) as a percentage of dry weight of seeds for fresh, 
fresh heat shocked and one year old E. terraclna seeds from Bold Park. The heat shock 
treatment involved soaking the seeds for two minutes in boiling water at time zero. Results 
are means of five replicates oflO seeds. 
Fresh, untreated E. terracina seeds had very low germination rates, in both light 
and dark incubation (Fig. 4.4). Germination commenced at day seven and ceased 
at day eight. Mean cumulative germination rates for fresh, untreated E. terracina 
seeds were higher for seeds incubated in the dark. 
Fresh. GA treated E. terracina seeds had improved rates and levels of germination 
compared to untreated, fresh seeds. GA treated, fresh E. terracina seeds 
commenced germinating after two days (light) and after three days (dark) (Fig. 
4.4). Dark incubated, GA treated, fresh E. terracina seeds reached a germination 
peak at seven days whilst tight incubated, GA treated, fresh seeds reached a 
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germination peak after ten days. Mean cumulative gennination rates for GA 
treated, fresh E. terracina seeds were significantly higher for dark incubated 
seeds. 
One year old E. terracina seeds commem:ed germination at day seven, in both 
light and dark incubation (Fig. 4.4). One year old seeds incubated in the dark 
reached a gennination peak and ceased germinating at day 8 while light incubated 
seeds reached a germination peak at day 11. While there was a difference in the 
rate of germination of one year old seeds, there was not a significant difference in 
the mean cumulative gennination levels. 
There was a highly significant difference between mean final cumulative 
germination percentages of E. terracina seeds (P < 0.001). Fisher's PLSD post 
hoc test indicated there was no difference between GA treated, dark incubated 
fresh seed and one year old, light incubated seed (P > 0.05) or GA treated, dark 
incubated, fresh seeds and one year old, dark incubated seed (P > 0.05) or one 
year old light and dark incubated, untreated seeds (P > 0.05). A statistically 
significant treatment effect was present between all other combinations. 
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Figure 4.4 Mean cumulative germination percentages (:t: S.E.) of fresh untreated, fresh GA 
treated and one year old E. terracina seeds germinated in light and dark conditions. Light 
incubation involved 24 hours of light per day; dark incubation involved 24 hours of darkness 
per day. Means are based on daily germination scores of five replicates of20 seeds. 
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4.3.3 P. capitatum 
ViabiJity of P. capitatum seeds was 96% for fresh seeds and 94% for nine year old 
seeds. 
Mean imbibition values, as a percentage of dey weight of seeds, was highest, lmd 
almost identical, in both fresh (Fig. 4.5a) aod nine year old (Fig. 4.5b) heat 
shocked P. capitatum seeds. Nine year old, untreated seeds had the next highest 
value with fresh, not heat shocked seeds the lowest. In the absence of heat shock, 
nine~year old P. capitatum seeds imbibed more than fresh seeds. 
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Figure 4.S Mean imbibition rates (±S.E.) as a percentage or dry seed weight ror (a) rresb and 
(b) nine year old P. capitatunr seeds. Seeds were tested untreated and after heat shock or 
boiling water ror two minutes. Results are means or five replicates or20 seeds. 
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Germination of fresh, untreated P. capitaJum seeds commenced at day eight for 
dark incubated seeds and day 14 for light incubated seeds (Fig. 4.6a). Germination 
ceased for dark incubated, fresh, untreated seeds at day 21 and at day 23 for light 
incubated seeds. Mean cumulative germination levels of fresh, untreated P. 
capitatum seed were higher and less variable for dark incubated seed compared to 
light incubated seed, which were lower and more variable. 
Germination of heat shocked fresh P. capitaiUm seeds commenced at day seven 
for dark incubated seeds and at day 8 for light incubated seeds (Fig. 4.6a). 
Germination ceased for heat shock treated, fresh P. capitatum seeds incubated in 
the dark at day II and for light incubated seeds germination ceased at day 19. The 
ml!an cumulative germination percentage for heat shock treated, dark incubated 
seeds was 100%. Mean cumulative germination percentages for heat shock 
treated, light incubated fresh seeds were significantly lower. 
Germination of untreated, nine year old P. capitalum seed commenced at day ten 
for light incubated seeds and at day seven for dark incubated seeds (Fig. 4.6b). 
Untreated, light incubated nine year old P. capitatum seeds ceased germination at 
day 11, with only one replicate having any germination activity. Untreated, dark 
incubated nine year old seeds ceased germinating at day I4. Mean cumulative 
germination percentages of untreated dark incubated nine year old P. capitatum 
seeds were significantly higher than light incubated untreated seed. 
Germination of heat shock treated, nine year old P. capitatum seeds conunenced 
at day four for dark incubated seeds and at day nine for light incubated seeds (Fig. 
4.6b). Germination activity ceased at day 17 for dark incubated, heat shock treated 
seeds and at day 19 for light incubated seeds. Mean cumulative germination 
percentages were highest for heat shock treated seeds. 
There was a highly significant difference between mean final cumulative 
germination percentages of P. capitatum (P < 0.001). The interactions between 
treatment, age and incubation conditions are presented in Table 4.2. 
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Figure 4.6 Mean cumulative germination percentages {:t S.E.) of (a) fresh and (b) nine year 
old P. copllatum seeds, untreated and heat shock treated. Seeds were incubated in light and 
dark conditions. Light incubation involved 24 hours of light per day; dark incubation 
involved 24 hours of darkness per day, Means are based on daily germination scores of five 
replicates of20 seeds. 
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Table 4.2: Interactions between differenttr~atments, ages and incubation ~onditions of P. 
Cllpltatum seeds germinated on water agar at I8°C. Values were obtained from Fisher's 
PLSO post-hoc tests. The abbrevi11tion ns indicates no siRnificant difference. 
Fresh seeds Nine year old SMds 
"" 
Heatshoclc Nil Heat shock 
Fresh seeds hiaht ,.~ liaht ,.~ llaht ,,. llaht 
Nil light 
,.~ 
"' Heat shoclc light <0.001 <0.05 
,.~ <0.001 < 0.001 < 0.001 
Nirle year old seeds 
Ni light < 0.001 < 0.001 < 0.001 < 0.001 
,,. <0.05 < 0.05 
"' 
< 0.001 < 0.001 
Heat shock light < 0.001 < 0.05 
"' 
< 0.001 < t..-:'oOI 
"' ,.~ < 0.001 < 0.001 <0.05 < 0.001 < 0.001 < 0.05 <0.05 
4.4 DISCUSSION 
4.4.1 Germination ecology ofEhrharta nlycioa 
The seeds of E. ca/ycina have high levels of vi~bility and a mild physical 
dormancy as a direct consequence of the palea and lemma. They have low levels 
of water uptake, rapid germination and can achieve germination levels of up to 
70% with the palea and lemma attached. 
The viability of E. ca/ycina seeds in this study was in the range of 92-98%, 
depending upon the age of seeds. These results are consistent with other findings, 
which indicated that the viability of E ca/ycina seeds ranges between 94-98% at 
16 months (Smith el a/., 1999). The differences observed between years in this 
research may be a reflection of time of collection. The 2003 collected seeds 
(fresh) were collected in December while the 2002 seeds were collected in 
November and the nine year old seeds were collected in October. The timing of 
collection may have contributed to the differences observed. Unfortunately, 
different people collected the seed in different years and hence comparisons 
cannot be made between the growth stages of the inflorescence when harvested. 
The inhibitory effects of the palea and lemma on the germination of grass seeds 
'\l'e documented in a range of grass species (Simpson, 1990; Kalmbacher eta/., 
1999; Tian et a/., 2002). However, the palea and lemma ~re no: !h~ oc1ly 
dorma11cy mechanisms in grasses. For example, the testa cf Tripacasum 
dacty/oides (Poaceae), a perennial grass, has a greater role in dormancy than the 
palea and lemma (Tian et a/., 2002). In Atra paspalum, seed germination was 
greatly inhibited by the presence of the palea and lemma (Kalmbach ... !' et a/., 
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1999). Further, the specific effects of the palea and lemma, as dormancy 
mechanisms, are not well understood (Simpson, 1990). In this research, the 
imbibition data indicates that the presence of a palea aDd lemma does not ciCt as -a 
dormancy mechanism (Fig 4.1). In fact, the palea_and lemma increase ~atrz:._ 
uptake. This effect is limited in fresh seeds but is si~ficant in one year ont __ <U'!.li-
······ -- ~-· 
nine year old seeds. It is proposed that the uptake of water by the palea and lemma_ 
of contributes to higher levels of imbibition in seeds Qf§ ca/ycina. 
The levels of imbibition for one year old and nine year old seeds are higher than 
those for fresh seeds. It is proposed that this is due to drying of the older seeds. 
The aging process may reduce seed water content in seeds (Bradbeer, 1988), 
leading to higher levels of imbibition. While there may be differences in the 
levels of imbibition in fresh, one year old and nine year old E. ca/ycina see~s, tlje 
overall pattern of imbibition is very similar. Based on the imbibitimr data 
collected in this re~earch, it could be argued that the palea and lemma is not a 
dormancy mechanism. The imbibition data also indicates that E. ca/ycina seeds 
are potentially germinable at the age :Jf nine years old. However, there was no 
germination of the nine year old seed. 
The most positive outcome from this research is the total lack of germination of 
nine year old E. calycina seeds. While the storage conditions of the nine-year old 
seeds used in this research would not be considered even close to those found in 
the soil, this should not detoact from these results. Seeds of E. calycina are 
recognised as having limited longevity (Brown & Brooks, 2003). These results 
indicate that this is true. These results do not indicate the time at which these 
seeds lose their viability. This may indicate that if additions to the soil seed bank 
are limited or prevented, through effective wed control, then the long term control 
of this species may be possible. 
The rate of germination of E. ca/ycina seeds is very quick, especially when 
compared to native species. Mean time to first germination for a selection of 
Western Australian native species ranges from 18-24 days (Cochrane eta/., 2002). 
This compares poorly with E. ca/ycina, which reaches its mean germination peak 
after only 8-10 days (Fig 4.5a, b). The rapidity of germination is accompanied by 
a high level of gennination. 
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At approximately 70% gennination of one year old seeds, the capacity for E. 
ca/ycina to increase its population in relation to disturbance events is high. These 
gennination figures are consistent with research on seeds from Yule Brook 
Botany Reserve, located southeast of Bold Park (Smith e/ a/., 1999). The 
similarity would suggest that there is limited effect of genotype on the 
gennination of E. calycina. While this level of gennination is not significant in 
relation to many native species (Cochrane et al., 2002), this is offset by the rate of 
gennination. 
The presence of the palea and lemma is mildly inhibitory to germination of E. 
calycina seeds. Seeds with the palea and lemma removed had higher rates and 
levels of germination, reaching a mean of almost 90% after eight days for one 
year old seeds. However, most seedlings examined in various areas of Bold Park 
were found to have the palea and lemma still attached. The gennination rates with 
the palea and lemma attached are still high when compared to other grasses. 
Tripacasum dactyloides seeds have a germination rate of 5-18% with the palea 
and lemma attached, and 16-49% with the palea and lemma removed (Tian, 
2000). Similar results were obtained for A. paspalum, where removal of the palea 
and lemma from the seeds increased gennination from 26% to 96% (Kalmbacher 
et al., 1999). These differences indicate how efficient germination is in E. 
calycina, and the limited effects of the palea and lemma on inhibition of 
germination. The rate of germination is also significantly different at 
approximately 28 days for the gennination peak in T. dactyloides (Tian, 2000). 
Comparisons with the native grass Auslrostipa compressa reveal that E. calycina 
has higher levels of germination than this species under a range of incubation 
temperatures and exposure to heat (Smith et al., 1999). 
However, the mild dormancy effects produced by the palea and lemma of E. 
calycina may contribute to its success as a weed. Other grass species, which are 
recognised as weeds, have mild dormancies (Peltzer & Matson, 2002). The 
dormancy mechanisms serve to prevent all seeds from germinating in one year. 
This allows for additions to the population over time and may aid in persistence in 
the absence of seedbaok recharge (Peltzer & Matson, 2002). 
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From the results in the previous two chapters, the potential for E. calycina to 
benefit from fire events is clear. These high levels of germination provide part of 
the explanation of why E. calycina has so rapidly recolonised unsprayed areas of 
the 2000 burn site. The ~apacity for E. calycina to be so invasive can clearly be 
seen in its germination activity. This data further supports the argument for 
ongoing control measures for this weed to be maintained. The short longevity of 
seeds indicates that eradication of this species is possible, but is contingent upon 
efficient population control, which must occur rapidly after any fire event. Further 
studies are also underway to investigate the longevity of E. calycina seeds in the 
soil (R. Wittkuhn, personal communication), which is vital information to assess 
the potential for the species to re-invade after eradication. 
4.4.2 Germination ecology of Euphorbia terracina 
The viability data for E. terracina needs to be considered in the context of seed 
production by this species. Like other Euphorbia spp, the fruit of E. terracina is 
three lobed, with each lobe bearing a seed. Within the total seed production, only 
a percentage of seeds will be filled, with this level ranging from 22.6% to 91.8% 
(Ehrenfeld, 1976). When viability is tested only on filled seeds, the level viability 
of Euphorbia spp can be as high as 100% (Ehrenfeld, 1976). The non-filled, and 
hence non-viable, E. terracina seeds can be clearly recognised by their colour, 
which is a bluey-grey. Filled seeds are darker brown-grey in colour. The 
percentage of filled seeds of E. terracina was closer to 50%, but viability within 
these seeds is in the range of 87-93%. The reasons for this trend were beyond Jte 
scope of this research. 
The imbibition results for E. terracina indicate that there is a physiological 
dormancy mechanism in the seeds of this species. The donnancy mechanism is 
removed within one year, at which point imbibition is rapid and is accompanied 
by, in this instance, 100% germination (Fig 4.3). Dormancy mechanisms are 
recorded in seeds from some species of the Euphorbiaceae (Bewley & Black, 
1994; Baskin & Baskin, 2001). The presence of the dormancy mechanisms in 
other seeds from the Euphorbiaceae is associated with the short-tenn avoidance of 
early germination (Bewley & Black, 1994 ). The germination inhibitors of some 
Euphorbiaceae seeds are removed through leaching in the soil (Bewley & Black, 
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1994). The one year old seeds used in this research were not stored in the soil, but 
were stored in a scaled, glass jar. In that environment, leaching would not have 
occurred, and hence the loss of donnancy is probably age-related .. 
The use of gibberellic acid (GA) to attempt to overcome the dormancy 
mechanisms in fresh E. terracina seeds was only partly successful. While it 
promoted gennination levels in dark incubated seeds that were similar to one year 
old seeds, the effects were less pronounced in light incubated seeds (Fig 4.4). The 
effects of GA were only partly effective in removing the dormancy mechanism 
and had a clear side effect involving dark incubation. The use ofGA to overcome 
donnancy in seeds is not always I 00% effective (Evans eJ a/., 1996; Baskin & 
Baskin, 2001; Hidayati el al., 2001). This is due to the effects ofGA on the seeds 
themselves, which are not all beneficial, and the complexity of physiological 
donnancy mechanisms, which frequently involves multiple chemical changes 
within the seeds (Evans eJ al., 1996~ Baskin & Baskin, 2001 ). 
Once seeds of E. Jerracina have overcome their dormancy mechanism, 
germination proceeds rapidly and to a level of around 60-70%. Light incubated 
seeds reach a higher level of germination sooner that dark incubated seeds. This 
further indicates that th-: GA treatment has incomplete effects on the donnancy 
mechanisms of fresh E. Jerracina seeds. 
It is proposed that seeds of E Jerracina are not fire adapted. This is based on their 
almost complete absence from within the 2000 bum site, as recorded in Chapter 
three. However, outside of the 2000 burn site, and particularly along roads and 
paths made with crushed limestone, there are very dense populations of this 
species. The high levels of germination of seeds from E. Jerracina are central to 
the development of d!.!nse stands of this species where conditions suit their 
establishment. This species has a clear invasion front where stands occur. The 
need to focus on this species as a potential successional species within the weed 
managed areas of the 2000 burn site is clear. In areas repeatedly treated for E. 
ca/ycina in Bold Park, E. Jerracina is beginning to invade (R. Wittkuhn, personal 
communication). 
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Euphorbia terracina is one species that may be controlled using fire as a 
management tool. Its low density and abundance levels in the majority of quadrats 
in the 2000 bum site support this claim. However, the clear invasion front 
produced by this species, and the high nwnbers of individuals in these populations 
should serve as notice that prior preparation for the control of this species is 
essential. Preparat;on for the control of E. terracina should be based on 
assessment of existing stands. The area immediately surrounding these stands 
should be monitored for seedling emergence once winter rains commence. Once 
gennination commences, herbicide application should be rapid to eliminate any 
potential for additions to the soil seed bank. Seeds of E. terracina are not 
recognised as having a high longevity (Brown & Brooks, 2003), so control 
through depletion of the seed bank should be effective in controlling this species. 
4.4.3 Germination ecology oJPelargonium capitatum 
Seeds of P. capitatum have high levels of viability, can easily overcome physical 
donnancy and have rapid gennination. These factors are indicative of why this 
species is a successful bushland invader. 
Seeds of P. capitatum have a mechanical donnancy that is overcome through heat 
shock. The effects of the heat shock are almost identical on one year old and nine 
year old seeds (Fig 4.5). While nine year old seeds have a higher imbibition rate 
than fresh seeds in the absence of heat shock, the effects of heat shock are still 
significant. These results indicate that there is a physical dormancy in this species. 
Similarly, for another species in the family Geraniaceae, seeds of Erodium 
brachycarpum, once scarified, took approximately four days to commence 
gennination and had a gennination viability of over 98% (Stamp, 1990) It is 
proposed that the donnancy in P. capitulum seeds is directly associated with its 
thick seed coat. 
Pe/argonium capitatum is common throughout the Swan Coastal Plain (Hussey el 
a/., 1997) and is particularly prevalent on coastal sand dunes. This indicates that 
the temperature required to break seed dormancy in this species is not as high as 
I OOQC as tested here. Hence, from an ecological perspective, the next step in the 
investigation of seed germination ecology for this species is to test a variety of 
temperatures and durations of exposure to determine when donnancy is broken. In 
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a seed burial study in Bold Park, P. capitatum stored on the soil surface for two 
months over summer resulted in a germination of 25-93% across three sites, 
compared to 5-37% when buried 2cm deep and 15% for laboratory stored seeds 
(R. Wittkuhn, unpublished data), 
The germination potential of P. capitatum after heat shock is significant in the 
context of invasive potential. This species is a weed for which a long-term 
management strategy is crucial. Although germination rates were lower for nine-
year old P. capitatum seeds, they are still sufficiently high enough to indicate that 
this species has a long-lived seed. 
The presence of the physical dormancy and longevity of seeds from P. capitatum 
may reflect the requirements of this species to cope with fire events. In the 
absence of any docwnented evidence of vegetative regeneration after fire in this 
species, seed longevity may be crucial for long-term survival (Weiss, 1984). 
4.4.4 The significance of germination in the study of invasive weeds 
After disturbance events such as fire, there are high levels of opportunity for 
species to establish themselves (Hobbs, 1991; Hobbs & Humphries, 1995). There 
are usually available nutrients and open space in which seedlings can emerge 
(Amor & Piggin, 1977; Davis & Pelsor, 2001). To maximise the benefits of the 
fire, or any disturbance, rapid germination is required (Gilfedder & Kirkpatrick, 
1993). The results obtained in this research indicate that germination of E. 
calycina, E terracina and P. capitatum is rapid, particularly once dormancy 
mechanisms have been overcome. It is postulated that fire events would benefit E. 
calycina and P. capita/Urn more than E. terracina. The positive responses of E. 
ca/ycina seeds to fire and heat are recognised (Milberg & Lamont, 1995; Smith et 
a/., 1999) while the effects of heat shock of P. capitatum indicate that fire-related 
germination cues may exist in this species. 
The scale of weed problems in revegetation work is a reflection of the availability 
of propagules (Panetta & Groves, 1990). The scale of the problem is also a 
reflection of the capacity of these propagules to benefit from disturbances such as 
fire. When areas have been subjected to prolonge:d disturbance, annual and 
perennial weeds are able tu regenemte profusely from soil-stored seeds (Panetta & 
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Groves, 1990). Making accurate predictions about population changes of weeds is 
difficult if not based on factual observations about the germination of the weed 
species (Benech-Arnold & Sanchez, 1995). 
In light of these results, preparation for the control of these species needs to be 
based on the mean time to emergence and with an understanding of the population 
dynamics of these species (Benech-Arno!d & Sanchez. 1995). Where E. calycina, 
P. capitatum and E. terraci. .. a are potential invaders, this is as short as a week. 
This means that contingencies for the control of this species must be in place. 
Effective management of these species will be enhanced by the application of 
herbicides as close to germination as possible. 
Important aspects of the germination ecology of these species requiring further 
research includes the germination responses of these species over a range of 
temperatures, the minimum water requirements for germination and the effects of 
water and heat stress on germination. These are variables that mirror natural 
environmental stresses. This data could then be used to generate a predictive 
model to guide the management of these species. 
4.5 Conclusions 
The main conclusions to be drawn from this research are: 
1) These weed species all have high levels of seed viability; 
2) The dormancy mechanisms in these species are easily overcome; 
3) These species have rapid germination; 
4) These species have high levels of germination; and 
5) Effective control of these species can be achieved if the germination ecology of 
these species is better understood and used to guide management strategies. 
70 
CHAPTER FIVE 
SYNTHESIS 
5.1 DISCUSSION 
The (;entral goal of any management activity in bushland areas should be to 
maintain disturbances at the natural level (Hobbs & Huenneke, 1992). This is not 
the same as maintaining disturbances at the lowest level. The issue of fire as a 
disturbance indicates where this can become complex. The significance of fire in 
the Australian ecosystem has implications for fire management strategies. 
However, the role of fire in promoting weed invasions and the effects of weeds 
cannot be ignored. Future plans for the management of bushland areas on the 
Swan Coastal Plain need to view fires as an integral part of the ecosystem. Fire 
should be used as an opportunity to maximise native species recruitment whilst 
targeting invasive weed species. 
Land-use management requires the understanding of the biology of individual 
species and their community (Bell & Loneragan, 1985). Where this involves an 
intimate relationship with fire, this must be maintained. A fire cycle with a greater 
frequency than obligate seeders can reproduce in could lead to the loss of some 
species (Bell & Loneragan, 1985; van der Moezel eta/., 1987). While the costs of 
wildfires can be high, both economically and in terms of human life (Naveh, 
1973), the need for these fires as a part of the natural disturbance regime cannot 
be ignored. 
If effective weed control measures arc implemented immediately after fire events, 
then natural processes like native species recruitment can be ongoing. The costs of 
weed control should then be considered as being offset against the costs of 
revegetation works. The benefits of this approach may be a more natural 
distribution of species, in terms of abundance and spatially. Weed control 
activities may also aid in increasing the recruitment of difficult-to-cultivate 
species. 
A further benefit to weed control may be the reduction of disturbance events. By 
managing those species that contribute to disturbances, by adding to fuel loads or 
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modifying soil physicochemical properties for example, the incidences of these 
disturbance event ma.y be controlled or eliminated. The benefits of this in the 
context of management are clear. 
5.2 MANAGEMENT RECOMMENDATIONS 
The results ob~ned in this research indicate that post-fire management of priority 
weed species has benefits that can be realised in the short-term. The significant 
changes in the cover of Ehrharta calycina and Pelargonium capitatum in those 
areas receiving herbicide applications indicates the effectiveness of the control 
methods. Those areas that are not receiving weed treatments of any description are 
defined by reduced native species diversity, abundance and cover, with a 
concomitant increase in the cover of E. calycina and P. capitatum. Of particular 
concern in relation to this is the increased cover of E. ca/ycina in those areas 
where no management is in place for this species. These sites have higher 
densities of E. calycina and individual E. ca/ycina plants within these areas have a 
tendency towards increased biomass. The implications of this in relation to 
episodic frre events are clear. 
In light of these observations the following recommendations are made in relation 
to the control of E. ca/ycina: 
1. Spraying for the control of E. ca/ycina in the focus site of the 2000 bum site 
needs to continue at the same rate; and 
2. Spraying needs to be conducted over a wider area to reduce the potential for 
additions to the soil seed bank on the areas where high management and low/no 
management meet. This is needed to eliminate an invasion front, especially if 
weed management activities are scaled back or tenninated. 
The reduction of cover and abundance of P. capita/urn in response to herbicide 
application is pronounced. While this species is not implicated in adding to the 
fuel load within Bold Park, the seed ecology studies w,~.uld s~·1ggest that this 
species has a dormancy that is overcome using heat. This indicates that this 
species could potentially benefit from fire events as it may increase gennination 
rates and levels. Seeds of P. capitatum have a longevity out of the soil for at least 
nine years. While soil stored seeds may be subject to elevated levels of 
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degradation, and potentially predation, this species should be considered a long-
tenn management issue. 
In light of the results obtained on P. capitatum in Bold Park, the following 
recommendations are made: 
I. Management of P. capitatum populations by herbicide application should be 
continued as the effects of reducing this species density has immediate benefits; 
and 
2. Long-tenn management provisions should be made for this species in light of 
the longevity of this species seed. 
The germination data for Euphorbia terracina indicate that this species could 
potentially be a serious problem in the future. This applies to the 2000 burnt site 
and the entirety of Bold Park. Serious consideration should be given to this 
species invasive potential. 
In light of the results obtained on the germination ecology of E. terracina, the 
following recommendation is made: 
1. Contingencies should be drawn up as l'oon as is possible for the control of this 
species. 
5.3 RESEARCH RECOMMENDATIONS 
Ongoing weed control activities need to become more focussed and efficient. The 
reason for this is the limited resources available for the management of bushland 
areas and the demands placed on management staff (Luken, 1997; Safstrom, 
1999). By better understanding the dynamics of weed invasions and weed control 
in bushland areas, managers can allocate resources in a much more strategic 
manner (Safstrom, 1999). Science is central to this endeavour because it allows 
for the quantification of effort and effect. Science may also bring to light aspects 
of the ecology of weed species that enable a better understanding of how they 
impact on the bushland areas. Similarly, science may also highlight ways to better 
control weed species (Pressland, 1981; Hobbs & Humphries, 1995). 
The need for a scientific approach to the management of weed invasions is well 
recognised (Adair & Groves, 1998; Csurhes & Edwards, 1998; Manchester & 
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Bullock, 2000; Williams & West, 2000). Similarly, the need to better understand 
the ecology of weed species is also vlidely acknowledged (Adair & Groves, 
1998). This approach has been used to explain how different weed species are 
spreading in bushland areas. The scientific approach has been widely used in 
relation to weed control on in bushland areas across the globe and within the 
Swan Coastal Plain (Brown & Brooks, 2003). All of this research eode~vours to 
highlight how a species invades and why it is successful 
Similarly, the scientific method can be employed to better understand the 
mechanics of weed control activities. For example, science can be used to 
ir.vestigate how different herbicides affect native species (eg. Bennett el a/., nd). 
Alternatively, research can be used to investigate how different disturbances 
interact with weed control measures. Finally, research can be used to examine 
whether weed activities are achieving their desired outcomes (Chandrasena eta/., 
2002; Parkes eta/., 2003). 
This research provided examples of how science can be applied to study the 
effectiveness of weed control at the community level. This objective was achieved 
and provided some clear insights into community level changes that happen with 
weed control. This research also explored how weed species germinate, a crucial 
aspect of the efficient organization of resources. 
However, a small short term project of this nature cannot answer all the questions 
about weed control and weed ecology, either within Bold Park or at the larger 
global scale. Fortunately, this research never sought to do that. This research has 
raised some valid future research objectives within Bold Park, and possibly on the 
larger scale. Principle amongst these is the ongoing study of the germination 
ecology of weed species. 
The time of emergence of the seedling is the most vulnerable in the life cycle of 
most planls. In the context of weed control, it is the time where rewurces can be 
best utilised (Panetta & James, 1999). The ongoing investigation of the 
germination ecobgy may yield information that better quantifies the interactions 
of weed species with their environment and may highlight exactly when and how 
best to target these species for control. The earlier in the life cycle a species can be 
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controlled, the lower its chances of reaching reproductive maturity. This can serve 
to reduce the risk of infestation or reinfestation in the long term. 
To this end, some future research areas are suggested. These are: 
1. Further investigations into the germination ecology of invasive weed species in 
Bold Park; 
2. Studies into the fecundity ofinvasive weed species; 
3. Studies of alternative, non~chemical control measures for large-scale patch 
invasions; 
4. Studies into the comparative growth rates of weed species; 
5. Ongoing studies into weed community succession after successful control of 
priority species; and 
6. Ongoing studies into the effects of weed control on native flora communities. 
5.4 CONCLUSIONS 
The main conclusions to be drawn from this research are: 
1. Effective weed control measures produce significant results in the short term; 
2. Effective weed control promotes recruitment of native species, which is 
preferable to replanting; 
3. Effective weed control greatly reduces the cover of invasive weed species; 
4. Bushland managers need to be aware of succession in weed species 
communities; 
5. Weed control activities need to be implemented as soon after a fire event or 
major disturbance event as possible; 
6. Understanding aspects of the germination ecology of weed species can allow 
for predictions of rates of invasion; 
7. Understanding aspects of germination ecology of weed species can allow for 
the better organization of weed control resources 
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